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METHODS AND COMPOSITIONS; PURIFIED PREPARATION OF 
NEURAL PROGENITOR REGULATORY FACTOR 

FUNDING: Development of the present invention was 
facilitated by funding from the National Institutes of 
Health-, Grant # NS 20375. Accordingly, the U.S. 
Government may own certain rights. 



The present invention relates to substantially 
purified preparations containing a proteinaceous factor - 
termed neural progenitor regulatory factor — that is 
important in regulating and coordinating production of 
oligodendrocytes and type 2 astrocytes. The primary 
target of the factor is the bipotential glial progenitor 
cell, which gives rise to oligodendrocytes and type 2 
astrocytes. Therapeutic implications for use of the 
factor include: (l) stimulation in vivo of glial 
progenitor cell division, followed by remyelination of 
axons in demyelinating disorders such as multiple 
sclerosis, and regeneration after trauma to the Central 
Nervous System; (2) amplification of glial progenitor 
cells in culture, followed by transplantation into the 
central nervous system and subsequent remyelination and 
regeneration; and (3) increase in neuronal cell number, 
facilitating recovery in neurodegenerative disorders. 

The major types of glial cells in the Central 
Nervous System are type l astrocytes, type 2 astrocytes, 
and oligodendrocytes (Fedoroff, 1985; Williams et al., 
1985) . While there is a wealth of information about the 
regulation of type l astrocyte cell division, there is 
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much less known about type 2 astrocyte or oligodendrocyte 
proliferation. The two latter cell types appear to share 
a common bipotential progenitor cell, designated as an 0- 
2A cell by. Raff et al. (1983). This bipotential 
progenitor r? cell has been identified in newborn and adult 
rat optic nerve (ffrench-Constant and Raff, 1986) and in 
postnatal day 8 rat cerebellar cultures (Levi et al., 
1986) . 



An ability to understand and regulate proliferation 
and differentiation of this bipotential progenitor is 
likely to prove critical in development of a rational 
therapeutic regime for treatment of demyelinating 
disorders, such as multiple sclerosis or treatment of 
15 traumatic injury to the CHS. 

In the past, several investigators have attempted 
without success to identify well-characterized growth 
factors that stimulate oligodendrocyte production (Pruss 

20 et al., 1982; Brockets et al., 1980). others, however, 
have reported soluble factors active on cells of the 
Central Nervous System. For example, Noble and Murray 
reported that soluble factors produced by type 1 
astrocytes stimulate proliferation of 0-2A progenitor 

25 cells (Noble and Murray 1984),. and it has been suggested 
that at least one such factor is identical to Platelet- 
derived growth fadtbr (Noble, et al., 1988). In 
addition, two T- lymphocyte-derived growth factors have 
been reported to induce division of oligodendrocytes 

30 (Benveniste, et al, .1985, Benveniste and Merrill, 1986). 

Avendano and Cowan (1979) provided indirect support 
for neuronal factor regulation of oligodendrocyte growth 
in vivo. Those investigators found that morphologically 
35 identified oligodendrocytes proliferate in response to 
lesions of ^e ventral hippocampal commissure. They 
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suggested that since a substantial proportion of these 
cells increased outside the axonal degeneration area, the 
axons released a diffusible mitogen which stimulated the 
increase locally as well as at a distance. Pettman et 
5 al. (1980) first reported that neuron-enriched embryonic 
brain extracts increase the number of oligodendrocyte- 
like cells in newborn rat brain cultures. More recently, 
Giulian and Young (1986) described two different neuron- 
derived soluble factors of low molecular weight (15,000 

10 and 6,000) found in both the CNS and the peripheral 

nervous system (PNS) that increase oligodendrocyte cell 
numbers in culture. Sakellaridis et al. (1986) reported 
that conditioned medium from chick embryo neuronal 
cultures increased the expression of an oligodendrocyte 

15 marker ( 3 1 , 5 1 -cyclic nucleotide 3 1 -phosphodiesterase ; 
Kurihara and Tsukada, 1968) in corresponding glial 
cultures. Both soluble and particulate fractions from 
purified chick neuronal cultures have been reported to 
increase the number of rat brain oligodendrocytes (Edgar 

20 and Pfeiff er, 1985) . Finally, although PNS axon-derived 

molecules have been shown to stimulate progenitors of 1- 
2-week-old and adult oligodendrocytes to divide in vitro 
(Wood and Williams, 1984; Wood and Bunge, 1986), CNS 
axon-derived molecules have not yet been shown to be 

25 similarly active. 

Recently, the present inventor reported that 
proliferation of oligodendrocyte precursors could be 
enhanced by culture in a medium supplemented with 

30 conditioned medium from culture of the rat CNS B-104 
neuroblastoma cell line (Bottenstein and Hunter 1987; 
Hunter et al., 1987). However, the activity was neither 
purified nor characterized biochemically and its 
mechanism of action was not determined. The present 

35 inventor has now characterized that activity and 
discovered .a proteinaceous molecule of about 47 
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kilodaltons in weight that regulates proliferation of O- 
2A progenitor cells. This novel factor has been 
distinguished from other factors reported to induce the 
growth of qells derived from the CNS. 

5 

As indicated above, the present inventor has now, 
for the first time, devised a method allowing one to 
achieve a substantial purification of the neural 
progenitor regulatory factor and to determine certain 

10 biochemical characteristics of the neural progenitor 
regulatory factor, such as its molecular weight and 
sensitivity to various chemical treatments. Therefore, 
the present invention encompasses both a substantially 
purified preparation of the factor and methods suitable 

15 for achieving such purification. 

More specifically, the invention includes a 
composition of matter comprising a substantially purified 
preparation of a neural progenitor regulatory factor. 

20 The factor may be characterized as having a molecular 

weight greater than about 30 kilodaltons as determined by 
sodium dodecyl sulphate polyacrylamide gel 
electrophoresis and as possessing the ability to 
stimulate proliferation of 0-2A glial progenitor cells. 

25 In more specific embodiments, the characteristic 

molecular weight will fall between about 40 and about 50 
kilodaltons* -aiid in a most specific embodiment, around 
about 46-47 ^lodaltons, as determined by SDS 
polyacrylamide gel electrophoresis. 

30 

The neural progenitor regulatory factor can be 
distinguished from another protein reported to exhibit 
biologic effects on glial progenitor cells, Platelet 
Derived Growth Factor (PDGF) since its molecular weight 
35 is substantially greater than the reported molecular 
weight- of PDGF , 30 kilodaltons. The factors, may be 
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further distinguished by immunologic criteria. The 
present inventor has discovered that incubation of the 
factor with an antiserum specific for platelet derived 
growth factor does not significantly inhibit activity of 
the neural progenitor regulatory factor, and hence, the 
two factors are classified as immunologically distinct. 

Although the examples set forth below describe 
testing of the factor with 0-2A progenitors from neonatal 
rat brain, the factor has also been found active against 
0-2A progenitors obtained from mature rat brain. 

The present inventor has discovered that one 
suitable source from which the factor may be purified is 
the conditioned medium produced by culture of the rat CNS 
B-104 neuroblastoma cell line deposited with the American 
Type Culture Collection under Accession Number CLR 10187. 
Accordingly, the invention also comprises a purified 
preparation of a neural progenitor regulatory factor that 
is substantially similar to the neural progenitor 
regulatory factor produced by that cell line, for 
example, in terms of characteristic biologic activity, 
molecular weight, and/or immunologic distinctiveness from 
platelet derived growth factor and fibroblast growth 
factor. 

Substantial purification of the factor is achieved 
when the factor is prepared in a form in which it is more 
free from protein and other contaminants than the form 
found in conditioned medium. A variety of methods are 
set forth herein that may be used to accomplish this end. 

For example, the inventor has made the surprising 
discovery that the neural progenitor regulatory factor 
has affinity for heparin, and that by taking advantage of 
this selective affinity, one can facilitate its 
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purification. Accordingly, the invention is also 
directed to a composition of matter comprising a 
substantially purified neural progenitor regulatory 
factor wherein the factor has characteristic affinity for 
5 heparin such that it binds to a heparin-sepharose gel 
particle when mixed together with a preparation of 
heparin-sepharose gel particles, in a buffer comprising 5 
mM phosphate, 50 mM NaCl, and having a pH of about 7.4, 
for a period of about 18 hours and elutes from the 

10 heparin-sepharose gel particles when the concentration of 
NaCl in the buffer is raised above about 0.7 M — 0.8 M. 
Of course, in this embodiment also, the factor is 
characterized as having a molecular weight of greater 
than about 30 kilodaltons as determined by sodium dodecyl 

15 sulphate polyacrylamide gel electrophoresis and by its 
ability to stimulate proliferation of 0-2A progenitor 
cells. In a related embodiment, the factor is 
characterized by its ability to stimulate proliferation 
of cells of the rat CNS C62B glial progenitor cell line. 

20 

The invention also comprises methods suitable for 
achieving a substantial pur if ication of the factor, 
particularly, for example, as compared to the medium 
conditioned by the B104 neuroblastoma cell line. One 

25 method comprises the following steps. First, one obtains 
a first preparation containing the neural progenitor 
regulatory factor together with other protein. This 
preparation/ is produced by culturing B104 neuroblastoma 
cells in a suitable culture medium. The first 

30 preparation is mixed together with a solid matrix having 
heparin cougjed thereto in a solution of such molarity of 
a selected salt, for example, NaCl or KC1 or a suitable 
equivalent, that a substantial portion of the factor 
binds to the heparin-matrix. Then, the heparin-matrix 

35 having the factor bound thereto is washed with a solution 
of increasing, molarity so as to selectively elute the 

. . . • ' • - -'vs. 
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f actor from the matrix and thereby produce a second 
preparation. This second preparation will contain the 
desired factor in a form substantially more free from 
other proteins or contaminants than did the first 
5 preparation, 

A second method which has also been used 
successfully comprises the following. As before , one 
obtains a first preparation containing the neural 
progenitor regulatory factor mixed together with other 
protein by culturing B104 neuroblastoma cells in a 
suitable culture medium. Then one fractions the 
preparation by gel exclusion chromatography. Although a 
number of gels suitable for this purpose may be used, the 
inventor has achieved remarkable success using Sephacryl- 
200. Generally , the fractions eluting from the gel are 
then assayed for neural progenitor regulatory factor by 
an assay that detects activity — that is the ability to 
stimulate proliferation of bipotential 0-2A glial 
progenitor cells or, more specifically, to stimulate the 
growth of the C62B glial progenitor cell line. However, 
other suitable assays may be devised with the aid of the 
present disclosure. After assay, the fractions having 
glial progenitor cell stimulating activity are selected 
and optionally, pooled together. 

In a further preferred embodiment, the B104 cells 
will be cultured on positively charged microcarrier beads 
to enhance the concentration of factor in the crude 
30 conditioned medium. Moreover, although the broader 
claims are in no way limited by the specific type of 
culture medium to be used in the B104 cell culture 
process, the present inventor has found that a 
particularly effective culture medium comprises insulin, 
35 putrescine, progesterone, selenite and transferrin, but 
does not comprise serum. The inventor has found that a 
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medium comprising a 1:1 mixture of Ham's F12 and 
Dulbecco's Modified Eaglet media supplemented with 5 
/xg/ml bovine insulin, 100 iM putrescine, 20 nM 
progesterone, 30 nM selenite, and 1 fig /ml human 
5 transferrin is particularly suitable. 

Other suitable methods will combine the individual 
methods set forth herein. For example, a combination 
procedure employing both heparin affinity chromatography 

10 and gel exclusion Chromatography may be used. If this is 
done, either may be performed first. However, a 
preferred embodiment includes a method for producing a 
purified preparation of neural progenitor regulatory 
factor comprising the steps of obtaining a first 

15 preparation containing the neural progenitor regulatory 
factor together with, other protein, that preparation 
produced by culturing B104 neuroblastoma cells in a 
suitable culture medium; mixing the first preparation 
together with a solid matrix having heparin coupled 

20 thereto in a solution of such molarity of a selected salt 
that a substantial portion of the factor binds to the 
heparin; washing the heparin-matrix and factor bound 
thereto wi£Ji a solution of increasing molarity so as to 
selectively elute the factor from the matrix and thereby 

25 produce a second preparation. The second preparation is 
characterized in that it contains the neural progenitor 
regulatory factor in a form substantially more free from 
the other protein than the first preparation; however, in 
this embodiment, the preparation is purified further by 

30 fractionating the second preparation by gel exclusion 

chromatography; assaying the fractions for an ability to 
stimulate proliferation of bipotential 0-2A glial 
progenitor: jeells; selecting fractions having glial 
progenitor cell stimulating activity; and optionally, 

35 pooling fractions having glial progenitor cell 

stimulating activity. Optionally, the pooled fractions 
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may be purified further by performing an additional step 
comprising electrophoresing the selected fractions 
through a gel matrix in a manner such that said neural 
progenitor regulatory factor is localized in a band of 
protein, positioned in the gel at a position consistent 
with a molecular weight of about 46-47 kilodaltons. 

Of course, the invention will include a 
substantially purified neural progenitor cell regulatory 
factor produced by any of the methods set forth above. 

The invention also includes methods for stimulating 
proliferation of glial progenitor cells. Generally, such 
methods comprise the steps of obtaining a preparation of 
glial progenitor cells suitable for culture; and 
culturing those cells together with an effective amount 
of a substantially purified preparation of neural 
progenitor regulatory factor. 

Finally, the invention includes a novel assay for 
neural progenitor regulatory factor. The assay comprises 
the following steps: obtaining a first preparation and a 
second preparation of C62B cells suitable for cell 
culture; culturing the first preparation in a suitable 
culture medium together with an effective amount of a 
preparation to be tested for a neural progenitor 
regulatory factor; and culturing the second (or control) 
preparation in the culture medium but without the neural 
progenitor regulatory factor. The growth of cells in the 
first and second preparation are compared and the neural 
progenitor regulatory factor is detected in the first 
preparation if the growth of progenitor cells in the 
first preparation is significantly increased over the 
growth in the second preparation. 
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These and other aspects of the invention will become 
more appareht from a description of particular 
embodiments when read in conjunction with the drawings. 

5 Figure 1: ' / Morphology and galactocerebroside expression 

of neonatal rat brain cells after 9 days in 
vitro. Cells were plated at a density of 5 
x 10 5 /cm 2 in 03 medium with 33% B104 
conditioned medium on polylysine- and 
10 fibronect in-modified culture surfaces. (A) 

phase contrast and (B) fluorescence 
micrograph of cells immunostained for 
galactocerebroside. Bar = 50 microns. 

15 Figure 2 : Percoll gradient-processed neonatal rat 

brain cells at 3 days in vitro. Cells were 
plated in 03 medium with 33% B104 
conditioned medium on polylysine- and 
fibronect in-modified culture surfaces. Bar 

20 = 50 microns. 

Figure 3: Phase contrast micrographs of cells 

maintained in DME supplemented with 10% calf 
'i * iSerlam. (A) mixed culture after 13 days in 
25 culture; (B) isolated process-bearing cells 

"obtained from (A) and shown 2 days later, 
(C) remaining bed layer of primarily type 1 
astrocytes obtained from (A) and shown 2 
days later. Bar = 100 microns. 

30 • 

Figure 4: iEffect of conditioned medium from various 
donors. Neonatal rat brain cells were 
1 plated directly in 01 medium and 50% 
conditioned medium on polylysine and 
35 f ibrohectin modified surfaces and are shown 

after 9 days in vitro. Conditioned medium 
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donors: A) B104 rat CNS neuroblastoma cells 
in N2 medium; B) CO-13-7 calf brain 
oligodendrocyte x C6 rat CNS glioma hybrid 
cells in 01 medium; C) U251 MGsp human CNS 
glioma cells in G2 medium; D) C62B rat CNS 
glioma cells in G2 medium; E) 2L1 human PNS 
neuroblastoma cells in N2 medium. 
Generation of the conditioned media and the 
components of the serum-free media are 
described below. 

Figure 5: Dose-dependent effect of various percentages 
of B104 conditioned medium added to oi 
medium on the number of dissociated neonatal 
rat brain oligodendrocytes per field (x 200) 
after 7 days in vitro. Oligodendrocytes are 
defined as 8-12 micron cell diameter, 
process-bearing cells. Data are shown as 
the mean + SD of 5 fields. 
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Figure 6: increased density of cells expressing Gale 
(a marker for oligodendrocytes) and A2B5 (a 
marker for glial progenitor cells) in 
response to 33% B104 conditioned medium (CM) 
in 15% calf serum-supplemented and serum- 
free 03 medium; heat sensitivity of the CM 
factors. In the control treatment 33% 
unconditioned medium (N4) is added to 03 
medium. Heat treatment of CM was at 100 
degrees c for 20 min. Cultures were fixed 
at 8 days in vitro and immunostained for 
GalC and A2B5. Data are shown as the mean 
of fields counted ± SEM. Ten to fifteen 
fields (x 200; 0.3 minefield) were counted 
35 for each treatment. 
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Trypsin sensitivity of B104 conditioned 
medium (CM) factors as measured by the 
density of cells expressing GalC and A2B5. 
Conditioned medium was incubated with 0.3 /xg 
trypsin/ml CM for 0, 1, and 3 hr at 377°C. 
Then 0.6 /xg/ml soybean trypsin inhibitor 
(STI) was added and CM was incubated 1 hr 
more at 37 °C. The control CM was incubated 
without trypsin first and then received STI 
as above. After treatment, the CM was 
stored at -70°C until use. Neonatal rat 
brain ceils were cultured in 03 medium with 
33% of the treated CM. Data are expressed 
as the ratio + SEM of the density of 
antigen-positive cells in the trypsin- 
treated condition to the control condition. 
Control treatment densities were 10.2 GalC + 
cells/mm 2 and 21 A2B5* cells/mm 2 . 

Dissociated neonatal rat brain cells shown 
after 13 days in vitro in various media. 
Cells were plated directly in 01 medium on 
polylysine- and f ibronectin-modif ied culture 
surfaces at a density of 500,000 cells/cm 2 
with the following additions: A) none; B) 1 
mM pyruvate; C) 33% unconditioned medium 
(N2); D) 33% B104 conditioned medium; E) 33% 
B104 conditioned medium and 10" 8 M 
triiodothyronine . 

Changes in cell density over time in 
response to 03 medium with 33% B104 
conditioned medium (CM) or 33% unconditioned 
medium (N4) . open circle, GalC + cells/N4; 
closed circle, GalC + cells/CM; open 
triangle, A2B5 + cells/N4; closed triangle, 
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A2B5 + cells/CM. Data are expressed as the 
mean of fields. 

Ratios of immunostained cells in treated (03 
medium with 33% B104 conditioned medium) vs. 
control (03 medium with 33% unconditioned N4 
medium) cultures over time. Percentages of 
cells immunostained for GalC, A2B5 , or GFA 
(a marker for type 1 and type 2 astrocytes) 
were evaluated by counting total cells with 
phase contrast optics and immunostained 
cells in the same field with fluorescence 
optics. 

Relative activities of the oligodendrocyte 
marker 3 1 , 5 1 -cyclic nucleotide 3 1 - 
phosphodiesterase (CNPase) and the astrocyte 
marker glutamine synthetase (GS) in 
dissociated neonatal rat brain cultures 
plated in different media. Cultures 
contained the indicated differences in 
culture medium. Medium was changed every 4 
days and cultures were harvested after 21 
days in vitro. 33% unconditioned medium 
(N4J or 33% B104 conditioned medium (CM) was 
added to 03 medium or the basal medium 
(DME) . Serum containing cultures consisted 
of 15% calf serum added to DME. Data are 
expressed as the mean nmol product /min/ cm 2 
of triplicate samples from pooled harvests 
of three 25-cm 2 flasks. 

Fluorescence and phase-contrast micrographs 
of A2B5-immunostained neonatal rat brain 
cell cultures. Cells were cultured in 33% 
B104-conditioned medium/ 67% 03 medium as 
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described. (A-C) Percoll gradient-processed 
cells at 3 days in vitro (DIV) , 6-h 3 H- 
thymidine pulse (1 /iCi/ml) ; (D-G) cells 
prepared without Percoll gradient- 
process ing, 24-h 3 H-thymidine pulse; (D,E) 
at 4 DIV and (F> G) at 8 DIV. Cultures were 
imfitianostained and processed for 
autoradiography as described. The 
multipolar cells in (C) , plated at twice the 
density of those shown in (A) , were rarely 
labeled with 3 H-thymidine. The silver 
grains shown exhibit a peripheral pattern of 
nuclear labeling, consistent with the high 
nuclear/ cytoplasmic ratio and peripheral 
chromatin organization within the nucleus of 
progenitor cells. The heavy labeling 
obscured fluorescence over the nucleus in 
(D) and (F) . Bar = 20 microns. 

Fluorescence micrographs of 12 DIV neonatal 
rat brain cultures. Cells were maintained 
in 33% B104 conditioned medium/67% 03 medium 
and immunostained. (A,C) A2B5; (B) 
galactocerebroside (GalC) ; (D) glial 
fibrillary acidic protein (GFAP) . Comparing 
identical fields in (A) and (B) , several 
multipolar A2B5-positive cells are present 
that are not GalC-positive (arrows) and 
GalC-pbsitive cells show no or weak A2B5- 
pbsitivity; or in (C) and (D) , most A2B5- 
positive cells show no or slight, non- 
f ibrillar GFAP-reactivity in the perinuclear 
region, the type 1 astrocytes (A2B5- 
hegative, GFAP-positive) exhibit a 
fibrillary pattern of GFAP in the cytoplasm, 
and several type 2 astrocytes (A2B5- 
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positive, GFAP-positive, arrows) are 
evident. Bar, 20 /im. 

Figure 14: Responses of A2B5-positive and 

galactocerebroside (Gale) -positive 
populations at 4 and 8 DIV to B104 
conditioned medium (CM) . cells were 
cultured and immunostained. Twenty-six 
fields (400X) were counted for A2B5 and 
thirteen fields (200X) for GalC. The fold- 
increase in cell density + SEM over the 
corresponding control culture (containing an 
equivalent volume of unconditioned N4 
medium) is plotted against the concentration 
of conditioned medium protein. (0) 4 DIV; (•) 
8 DIV. Each data point is the mean from 3- 
4 cultures. Significant changes from 
control according to Student's t test are: 
*P<0.05, **p<0.01, ***p<0.001. 

Figure 15: Labeling indices of A2B5-, Gale-, and GFAP- 
positive populations in response to B104 
conditioned medium (CM) or unconditioned 
(N4) medium treatment at 4, 8 and 12 DIV. 
Cultures in chamber slides were pulsed with 
H-thymidine (l M Ci/ml) for 24 h before 
fixation, immunostaining, and 
autoradiography as described. (closed 
circle) 33% CM; (closed triangle) 33% N4. 
Replicate cultures (A2B5=4; Galc=3; GFAP=2) 
were evaluated at each point by examining 
12-16 fields (400X) . values significantly 
different by Student's t test *p<0.05, 
**p<0.01. 
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Figure 16: Phase-contrast and fluorescence micrographs 
of mechanically segregated astrocyte- 
enriched cultures (15 DIV) . Cells were 
maintained in 33% B104 conditioned 
5 medium/67% N4 medium from 10-15 DIV, 

Culture procedures and double- 
immunostaining procedures are as described. 
: The primarily astrocytic bed layer of serum- 
grown cultures was tryps in-detached and 

10 repiated at 25 X 10 3 cells/cm 2 in 33% B104 

CM/67% N4 medium. Two different fields are 
shown: (A,B,C) phase-contrast , A2B5 
immunostain, and GFAP immunostain; (D,E,F) 
phase-contrast , A2B5 immunostain, and GalC 

15 immunostain. The phase-contrast micrographs 

(A,DJ show small bipolar cells lying over 
and around type 1 astrocytes. Note in (C) 
that long bundles of GFAP-positive 
astroglial processes traverse the field, 

20 while only a few of the A2B5-positive cells 

exhibit any GFAP-reactivity . In (F) , a few 
r A2B5-positive cells show reactivity with 
anti-GalC. A companion culture without CM 
(100% N4) showed only rare A2B5-positive or 

25 • . ..-J <' GalC-positive cells. Bar, 20 jxm. 

Figure 17: Chromatography of neural progenitor 

regulatory factor over Sephacryl S-200 and 
Heparin-Sepharose affinity columns. One 
30 unit of specific activity is defined as a 

<■ 100% increase over control number of A2B5- 
positive cells after 4 days in culture/mg of 
protein. 
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Figure 18: V 10% SDS-PAGE showing 47 KD neural progenitor 
regulatory factor. C/D is 
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concentrated/dialyzed B104 conditioned 
medium (Mr cutoff 10,000); CM is B104 
conditioned medium; S200I is gel filtration 
fractions 94-95; Hep V is heparin-Sepharose 
fraction 60-65 (eluted with 0.8-0 .94 M 
NaCl) . 

Figure 19: Flow diagram showing methods for 

purification of neural progenitor regulatory 
factor. 

As indicated above, the present inventor has now 
characterized and purified a proteinaceous molecule of 
about 46-47 kilodaltons molecular weight that is able to 
selectively induce proliferation of CNS bipotential glial 
progenitor cells in vitro. This purified factor may be 
used in vitro for selective expansion of the bipotential 
glial progenitors prior to subsequent use of such cells, 
for example, for transplantation. In addition, the 
factor may find significant utility as a therapeutic for 
demyelinating disorders or in neurodegenerative 
disorders. 

As described below, the factor was originally 
purified from conditioned medium produced by the CNS B104 
neuroblastoma cell line of the rat. However, with the 
characterization and purification of the factor now 
described by the present inventor and in view of the 
teaching of the present disclosure, those of skill in the 
art should be enabled to identify and purify the factor 
from other sources, including, for example, human tissue. 

The first set of examples set forth below describes 
experiments conclusively establishing the biological 
characteristics of the factor, i.e, its target cells and 
mode of action, for the first time. A novel, 
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reproducible,- and sensitive assay for the factor, using 
the C62B glial progenitor cell line, ATCC accession 
number CCL107, is also described. The second set of 
examples describes biochemical aspects of the factor and 
5 provides methodology that now makes it possible to 

achieve a substantial purification of the factor. The 
third .example demonstrates that the factor characterized 
and describe^ by the present inventors is distinct from 
other factors reported to enhance growth of CNS cells. 

10 

EXAMPLE 1 

A. Methods for Culture of Oligodendrocytes and 
Astrocytes 

15 Materials and Sources . Suitable materials for use 

in culture of bipotential progenitors may be obtained 
from the following vendors: high glucose Dulbecco's 
modified Eagle's Medium (DME; 430-2100), Ham's F12 medium 
(F12 ; 430-1700) , penicillin/streptomycin/neomycin (600- 

20 5640) , and gentamicin (600-5710) from GIBCO, Grand 

Island, NY; Hank's balanced salt solution with (HBSS + ; 
9222) and without (HBSS"; 9230) calcium and magnesium 
salts, trypsin (9336), EDTA (9314), and fetal bovine and 
calf serum from Irvine Scientific, Santa Ana, CA; N-2- 

25 hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES; 
H-3375) , soybean trypsin inhibitor (T-9003 Type IS), 
poly-D- lysine hydrobromide (P-7886, M r 30,000-70,000), 
human transferrin (T-2252) , bovine insulin (1-5500), 
progesterone (P-0130) , putrescine dihydrochloride (P- 

30 7505), and phenylmethylsulf onyl fluoride (PMSF; P-7626) , 
deoxyribonuclease I (D-4513), sucrose (S-9378 Grade 1), 
and Pet-coll (P-1655) from Sigma, St. Louis, MO; sodium 
selenite (spectrographically pure) from Johnson Matthey 
Chemical, 1/ondon; biot in (2031) from Calbiochem-Behring, 

35 San Diegov CA; sodium citrate (SX0445-1) from MCB, 
Cincinnati r OH; ultra pure urea (821527) from ICN, 
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Cleveland, OH; Falcon sterile 100 ml plastic cups, 
polypropylene centrifuge tubes, and tissue culture 
plastic ware from Becton Dickinson, Oxnard, CA; Lab-Tek 
tissue culture chamber slides from Miles Laboratories, 
Naperville, IL; 5.5" scissors (6812), 4" dissecting 
scissors (5882), 4" curved forceps (5135), and 4" 
dissecting forceps (5095) from Roboz Surgical, 
Washington, DC; glass pestle (1985-11516) , metal tissue 
sieve (1985-85000) , 380 pm (#40) metal mesh, and 140 pm 
(#100) metal mesh from Bellco, Vineland, NJ; 25 mm 
(XX1002530) and 47 mm (XX1004730) glass microanalysis 
filter holders from Millipore, Bedford, MA: 20 /*m (#460), 
60 nn (#250) , and 210 /urn (#70) nylon mesh from Tetko, 
Elmsford, NY; 10 ml Oak Ridge-style polycarbonate tubes 
(2611-B18) from Thomas Scientific, Swedesboro, NJ. 

Antibodies were obtained as follows: mouse anti- 
galactocerebroside hybridoma from B. Ranscht (MIT, 
Cambridge, MA) ; A2B5 hybridoma from M. Nirenberg (NIH, 
Bethesda, MD) ; Thy l.l hybridoma from R. Pruss (Merrell- 
Dow, Cincinnati, OH); monoclonal anti-GFAP and anti-200- 
kilodalton (kd) neurofilament (NF) from Labsystems, 
Chicago, IL; monoclonal anti-68-kd NF from Amersham, 
Arlington Heights, IL; monoclonal anti-myelin basic 
protein from Hybritech, San Diego, CA; fluorescein- and 
rhodamine-conjugated goat anti-mouse IgG (heavy and light 
chain-specific) , rhodamine-conjugated goat anti-rabbit 
IgG, whole mouse and goat sera, and rabbit complement 
from Cappel Laboratories, Malvern, PA; anti-MAC-1 in 
ascites fluid and f luorescein-conjugated goat anti-rat 
IgG from G. Klimpel (Univ. of Texas, Galveston, TX) ; 
rabbit anti-human fibronectin from Bethesda Research 
Laboratories, Gaithersburg, MD; 3 H- [methyl] thymidine 
(specific activity 30 Ci/mmol) from Schwarz-Mann, Spring 
Valley, NY. Unless otherwise specified reagents are from 
Sigma, St. Louis, MO. 
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Cell Lines . B104 is a rat CNS neuroblastoma and was 
obtained from D. Schubert (Salk Institute, La Jolla, 
California) . This cell line is available from the ATCC 
under accession # CLR 10187. Other cell lines used in 
5 this study were CO-13 -7 calf brain oligodendrocyte x C6 
rat CNS glioma somatic cell hybrid form F. McMorris 
(Wistar Institute, Philadelphia, PA); U251 MGsp human CNS 
glioma from D, Bigner (Duke University, Durham, NC) ; C62B 
rat CNS glioBta from J. de Vellis (University of 
10 California, Los Angeles, CA) ; 2L1 human PNS neuroblastoma 
clone isolated in this laboratory from the LA-N-1 cell 
line provided by^^R. Seeger (University of California, Los 
Angeles, CA) . 

15 Water.- High quality water is essential for culture 

medium and other reagents when serum-free methods are 
used. The following low maintenance water purification 
system is recommended: deionized water input, prefilter, 
carbon cartridge, two ion-exchange cartridges, pyrogen 

20 removal cartridge, and a final 0.22 filter unit in 

series. Purified water should have a resistance of 10- 
18 megohm-cm. alternatively, triple-distilled water is 
suitable. 

25 Basal Medium . DME is used alone or mixed 1:1 with 

F12 medium. HEPES buffering agent is added to give a 
final concentration of 15 mM, and after mixing the pH is 
adjusted to 7*3. Finally, 1.2 g/1 sodium bicarbonate is 
added, medium is sterile-filtered (0.22 /xm) , and stored 6 

30 weeks or less in the dark at 4 degrees C in aliquots. 

Serum^ree Media . All medium supplements are 
sterile-filtered and stored at -20°C unless otherwise 
noted. Stock solutions: 10 mg/ml transferrin in HBSS + ; 
35 2.5 mg/ml insulin in 0.01 N HC1 stored at 4°C only for 

six weeks or less; 0.5 mM primary selenite stock in water 
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and 15 /ra secondary stock in HBSS + ; l mM primary 
progesterone stock in ethanol stored at 4°C and 10 um 
secondary stock in HBSS + ; 50 mM putrescine in HBSS + ; and 
10 ng/ml biotin in HBSS + . 

When preparing and handling the following serum- 
free media, plastic pipets and containers should be used 
to minimize protein adsorption. 01 Medium: 5 ng/i&l 
insulin (or 100 ng/ml IGF I) , 50 ng/ml transferrin, 30 nM 
selenite, and 10 ng/ml biotin in DME. 03 medium: 15 
Mg/ml insulin, 1 ng/nl transferrin, 30 nM sodium 
selenite, and 10 ng/ml biotin in DME or a 1:1 mixture of 
DME and F12. N4 medium: l /*g/ml transferrin, 5 tig/ml 
insulin-, 100 /zM putrescine, 20 nM progesterone, and 30 nM 
selenite in a 1:1 mixture of DME and F12. 01, 03 and N4 
medium are prepared fresh before use, as some loss of 
growth-promotion is observed when medium is stored at 4°C 
for 1 week. Culture medium pH should always be 7.3 on 
initial contact with cells. It is advisable to 
eguilibrate culture vessels containing medium in the C0 2 
incubator before adding cells. Culture medium rapidly 
becomes alkalinized from exposure to air, especially in 
the laminar flow hood. For best results, cultured cells 
should spend minimal time in the sterile hood or in 
microscope observation. 

Substratum Modifications . When using serum-free 
medium, all culture surfaces should be modified by 
precoating with at least 2 ng/cm 2 poly-D- lysine, followed 
by the addition of 1 jug/ cm 2 affinity-purified human 
fibronectin (see below) for an optimal response to the 
soluble growth-promoting factors. Surfaces are 
completely covered for 5 minutes with a 0.05 mg/ml 
sterile solution of poly lysine in water, followed by a 
sterile water wash; precoated vessels may be stored 
before use for several hours in a hydrated form 
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(Bottenstein and Sato, 1980) . The water wash is 
aspirated , serum- free medium is added, fibronectin is 
added individually to vessels with swirling to ensure 
even distribution of this highly adhesive glycoprotein, 
5 and finally, cells are added. 

Pyrjl^icatiQn Fifrroneptjn. Human fibronectin is 
purified (> 98% by SDS gel electrophoresis) from plasma 
at room temperature by gelatin-Sepharose chromatography 

0 (Bottenstein, 1984) . Briefly, 0.45 fim filtered plasma is 

applied to the column. After washing out unbound 
material with phosphate buffered saline containing 0.01 M 
sodium citrate (PBS/citrate; pH 7.2), fibronectin is 
eluted with 0.05 M Tris-HCl buffer (pH 7.4) containing 4 

5 M urea. Fractions are collected in polypropylene tubes, 
and protein content is determined. Peak fractions are 
combined to obtain 0.25-1 mg/ml and are dialyzed at 4°C 
against PBS/citrate containing 1 M urea. About 10-30 mg 
of fibronectin can be isolated from 250 ml of human 

0 plasma. The protein concentration of the dialyzed 

solution is determined, and aliquots are made and stored 
at 4°C; activity has been retained for as long as 4 
months. Division of a neuronal cell line is used to 
bioassay the fibronectin; usually 0.25-1.5 /xg/cm 2 is 

5 optimal depending on the batch used. Commercial sources 
(Sigma, Bethesda Research Labs, and others) of 
fibronectin may require higher amounts for optimal 
activity. ; 

0 Preparation of B104 Cell Conditioned Medium . Neural 

progenitor cell regulatory factor is found in conditioned 
medium produced by clonal B104 CNS neuroblastoma cells. 
Stock cultures of B104 cells are maintained in 
logarithmic phase in a 1:1 mixture of DME and F12 

5 supplemented with 5% horse serum and 5% fetal bovine 

serum. After a wash with Hank f s balanced salt solution 
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(HBSS) , cells are detached with 0.05% trypsin/ 0.5 mM EDTA 
in phosphate buffered saline (PBS; pH 7.0), 0.1% soybean 
trypsin inhibitor in HBSS + is added, cells are 
centrifuged for 2 rain, in a tabletop centrifuge at lowest 
speed, the cell pellet is resuspended in N4 medium, and 
10 cells/cm 2 are plated into 75 cm 2 tissue culture flasks 
with poly lysine and fibronect in-modified surfaces. Pour 
to five days later the conditioned medium is removed 
sterilely, l /xg/ml of the protease inhibitor PMSP in 
ethanol is added, centrifuged at 3500 rpm for 15 min. at 
4°C to remove non-adherent cells, and aliquots are stored 
at -70°C. 

Production of Lar ge Volumes of B104 Conditions 
Medium by Culture With Micrnna rriar Reads , a preferred 
method for preparation of conditioned medium from the 
B104 cell line comprises culture on microcarrier beads. 
With this method, either a 100- or 500-ml microcarrier 
flask is used with 0.3 g or 1.5 g (5.5 X 10 3 cm 2 surface 
area/g) of Cytodex 2 beads (Pharmacia), respectively. 
B104 cells are plated at 2.65 X 10 4 cells/cm 2 in serum- 
free N4 medium (modified N2 medium <Bottonstein and Sato ' 1979 > 
consisting of l jig/ml human transferrin, 5 Mg/ml bovine 
insulin, 100 jiM putrescine dihydrochloride, 20 nM 
progesterone, and 30 nM sodium selenite in a 1:1 mixture 
of Ham's F12 medium and DME) . Affinity-purified human 
fibronectin< Bo "-^ «* sato 1980) (0>06 Mg/cffl2) ig ad(Jed 

before plating. In the experiments described below, 
after 4 days, the first collection of conditioned medium 
was made (crude CM; 24-36 ng protein/ml) . This CM was 
used for experiments with neonatal rat brain cells grown 
in various dilution (8-66%; v/v) . After collection, 
fresh N4 medium was added, and three more collections 
were made at 4-day intervals. This material was pooled 
and concentrated about 10-fold in an Amicon hollow fiber 
concentrator (M r cutoff 5 or 10 kd) , with dialysis 
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against an 100-fold excess of 5 nM sodium phosphate 
buffer containing 50 mM sodium chloride, pH 7.4. It is 
estimated that at least 18-30 isg/ml of CM protein (75- 
83%) is derived from the B104 cells, since only 6 ng 
protein/ml is added to N4 medium initially. Protein 
concentrations were assayed by a modification of Sedmark 
and Grossberg tl977) using egg white lysozyme as a 
standard. 

Dissociated jjeopata] Rat Brain roi^ Sprague- 
Dawley newborn tat pups (1-3 days postnatal) are used. A 
maximum of about 6 pups/person are processed to maximize 
the yield of cells/pup. All dissecting instruments and 
equipment are autoclaved prior to the dissociation 
procedure, which is performed sterilely in a laminar flow 
hood. Sterile' 100 ml plastic cups with metal sieves (380 
Jim and 140 /an) to collect the first two filtrates are set 
up in the hood. A glass filter apparatus with a 20 pm 
nylon mesh installed is ciamped onto a stand, and a 50 ml 
polypropylene centrifuge tube is placed underneath to 
catch the final filtrate. Dissociation medium is 
prepared: DME supplemented with 10% calf serum, 50 Mg /ml 
penicillin, 50 /xg/ml streptomycin, 10 /zg/ml neomycin, and 
50 Mg/ml gentamicin; 100 ml is sufficient for one litter 
of pups (2 simultaneous dissociations) . 

Each pup i| held by. its muzzle and rinsed with 70% 
ethanol from a Spray bottle and then quickly decapitated 
using large scissors. The severed head is placed on a 
gauze square and held firmly at the jaws. The scalp is 
cut with small scissors along the midline from the neck 
as far anteriorly as possible. The scalp is retracted 
with the fingers, being careful not to contaminate 
underlying; tissue; v The cartilaginous skull is similarly 
incised starting at the foramen magnum. The meninges 
between the skull and -the dorsal brain surface are 
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separated by insertion of the point of the blunt forceps 
and a gentle back-and- forth movement. Each side of the 
skull is pulled away laterally with forceps to expose the 
brain surface. A spatula severs the olfactory tract and 
cranial nerves, and the whole brain is lifted from the 
base of the skull and placed in a small petri dish with 
enough dissociation medium to cover the brain. After 
each use of a dissecting instrument, it is dipped in 
ethanol and allowed to dry while resting tip up on a 
petri dish. 

After all the brains are collected, they are trimmed 
of residual meningeal tissue. Each brain is held with 
fine forceps and the sheets of fibrous tissue, which are 
closely adherent to the brain surface and contain 
prominent blood vessels, are pulled free with blunt 
forceps. If a specific part of the brain is to be used, 
e.g., cerebellum or cerebral cortex, it can be dissected 
free at this time. After the meninges are removed, the 
brains are transferred to a 60 mm petri dish containing 7 
ml of dissociation medium. The brain is then minced with 
fine scissors for 4 min. to produce 1-3 mm fragments. 
The 380 /im metal mesh is wetted with 1 ml of dissociation 
medium and is spread evenly with a glass pestle. The 
brain fragments are swirled to suspend them, poured into 
the center of the mesh, and pressed through with gentle 
vertical motions of the glass pestle for 2 min. The 
fragments are wetted every 30 seconds with 0.5 ml of 
dissociation medium. The mesh is rinsed from above with 
2 ml of dissociation medium and from the bottom by 
pipetting several ml of the filtered cell suspension onto 
the underside of the mesh. The finer 140 mesh is 
wetted with 1 ml of dissociation medium and is spread 
evenly with the plunger of a 5 ml disposable syringe. 
The first filtrate is added to the second mesh and 
stirred with the plunger. In addition, gentle vertical 
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motion of the plunger for 2 min. pushes the cells through 
the mesh. Small volumes of dissociation medium are 
frequently applied to keep the cells hydrated. The 
second mesh lis Washed as described above. The 20 /ra 
5 nylon mesh in the filter apparatus is wetted with 1 ml of 
dissociation medium and checked for leaks. The cell 
suspension 4s then poured into the filter apparatus and 
stirred gently and continuously with a glass rod. The 
single cell filtrate is collected for up to 15 min; flow 
10 rate averages about 1 ml/min for 15 min. if continuously 
stirred. Gentle, brief agitation of the filter apparatus 
increases the flow rate slightly. The last few ml 
usually do not pass through because the flow rate slows 
markedly at: the end. 

15 

The final filtrate is centrifuged at low speed (100 
X g) in a table-top centrifuge for 3 min. , and the 
supernatant . is 7 discarded by aspiration. The cell pellet 
is resuspended in 03 medium (0.5 ml/brain) with 

20 penicillin/ streptomycin/neomycin but no gentamicin. A 
1:10 dilution of the cell suspension is counted in a 
hemocytometer. The typical yield is 25-30 X 10 6 
cells/brain. Optimal plating density with this method is 
5 X 10 s cel&s/cm 2 ; each culture vessel is rocked back and 

25 forth several times (avoiding vortexing) to evenly 

distribute the cells. Cultures are kept in the sterile 
hood a minimal time to avoid alkaline shifts in pH. If 
many culture vessels are to be inoculated , it is 
important tSo gently agitate the concentrated cell 

30 suspension- frequently to maintain the cells in suspension 
and inhibit aggregation. Attachment of cells occurs 
rapidly in *6erui*-f ree medium , but it is best not to 
disturb the cultures for at least 24 hr. A plating 
efficiency • I6f about 5-10% can be expected. Media are 

35 first changed after 4 days and at 3-5 day intervals 

thereafter depending on the pH (more often if the medium 
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becomes acidic) . Antibiotics are only present in the 
initial plating medium. 

Characterization o f neonatal Cultures in Serum-Free 
Medjqm. It is important to include a control condition 
for comparison to experimental treatments. 
Immunostaining for cell-type specific antigens is a 
preferred method for identifying the cells, and is 
described more completely below. Typically, after 4 days 
in serum-free 03 medium, the cultures contain about 70% 
type l astrocytes, 15% oligodendrocytes, 2% 0-2A 
progenitor cells, 2% type 2 astrocytes, and 7% microglia 
by immunostaining criteria. Less than 1% of cells are 
neurofilament-positive, <2% are Thy-1 antigen-positive, 
and total cell density is typically 300 cells/mm 2 . After 
1 week or longer most cellular debris disappears due to 
the action of phagocytic cells. Since most bipotential 
glial progenitors differentiate rapidly into 
oligodendrocytes in serum-free medium, this system is 
useful for studying growth factors for glial progenitors 
and immature oligodendrocytes, as well as for analysis of 
differentiated oligodendrocytes. These cultures can be 
maintained for several months in 01 or 03 medium. 

Treatment with B1 04 Conditioned Medium . To enhance 
the yield of 0-2A lineage cells, neonatal rat brain 
cultures are treated with conditioned medium (CM) derived 
from B104 CNS neuroblastoma cells. The combined use of 
03 medium and B104 CM is both simple and reliable. The 
results shown generally were obtained with 8-12 ng CM 
protein/ml, which represents about 33% conditioned 
medium/ 67% 03 medium (v/v) . Control cultures contain an 
eguivalent dilution with unconditioned N4 medium. It is 
important for the CM to be present from the time of 
plating, since progenitor cell differentiation will 
rapidly occur otherwise. After 4 days in vitro, 51% type 
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1 astrocytes, 23% 0-2A progenitors, 15% oligodendrocytes, 
6% microglia, and 3% type 2 astrocytes are present; total 
cell density is about 400 cells/mm 2 * By 8 days in vitro, 
53% type 1 astrocytes, 22% oligodendrocytes, 15% 0-2A 
5 progenitors, 6% microglia, and 3% type 2 astrocytes are 
present; total cell density is about 500-600 cells/mm 2 
(Table I) . The increase in 0-2 A progenitors is 12 to 15- 
fold over control at both times, and oligodendrocytes are 
increased/about 4-fol,4 over control at 8 days in vitro. 

10 Figure 1 shows the multipolar process-bearing morphology 
and expression of the oligodendrocyte-specif ic 
galactocerebroside antigen in these cultures at 9 days in 
vitro. Nol^e the extensive network of oligodendrocyte 
processes. Aft$r^3 weeks in culture, the activity of the 

15 myelin-specif ic enzyme 2 • , 3 1 -cyclic nucleotide 3 1 - 

phosphodiesterase is increased 12-fold over the 03 medium 
control. 

Enhanced Differentiation into Oligodendrocytes or 

20 Induction of Tvoe 2 Astrocytes. To selectively enhance 
differentiation -of 0-2A progenitor cells into 
oligodendrocytes r B104 conditioned medium is removed at 4 
days in vitro and replaced with serum-free 03 medium. 
Three days later, oligodendrocytes are increased 3-fold, 

25 representing a 5-fold increase compared to cells in 03 
medium for f days, a condition which already favors 
oligodendrocyte development. The resulting cultures are 
about ,33% pligodendrocytes. Alternatively, to 
selectively induce differentiation into type 2 

30 astrocytes, B104 conditioned medium is removed at 4 days 
in vitro and replaced by 03 medium with 10% fetal bovine 
serum. Three days later, type 2 astrocytes are increased 
12-fold, representing a 32-fold increase compared to 
cells in 03 medium for 7 days. Type 1 astrocytes also 

35 proliferate, vigorously in serum-containing medium. These 
cultures contain about 18% type 2 astrocytes. 
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Percoll Density Gradient Procedure . Most of the 
cellular debris and erythrocytes present in the cell 
suspension at the time of initial plating can be removed 
by centrifugation in a Percoll gradient before plating. 
5 This is recommended when cultures are to be analyzed 

within the first week in vitro. A 10-ml Oak Ridge-style 
polycarbonate tube is rinsed with 70% ethanol and allowed 
to dry in the sterile hood. A 1.25 M sucrose stock 
solution in water is made and filter-sterilized. An 80% 

10 Percoll stock solution is made by adding 2 ml of sucrose 
stock to 8 ml of sterile Percoll. First, 10 8 dissociated 
neonatal rat brain cells are added to the polycarbonate 
tube, followed by 2.8 ml of 80% Percoll, and finally 
additional dissociation medium to give an evenly 

IS dispersed mixture of cells in a final volume of 9.5 ml 
(23% Percoll/ 75 mM sucrose) . Another tube is made with 
the same components but no cells. The tubes are balanced 
and spun at 21,600 rpm (30,000 X g) for 45 min. in a Ti50 
rotor in a Beckman L8M ultracentrifuge at 4°C. Several 

20 layers result: a thin layer of debris on top; a thick, 
opaque layer of debris; a cloudy layer of debris; a 
clear, cell-containing layer; a thin, erythrocyte- 
containing layer; and an amber bottom layer of Percoll. 
The upper layers of debris are discarded by aspiration. 

25 The clear, intermediate cell layer (2-3 ml) above the 
erythrocyte layer is carefully transferred to a 15 ml 
centrifuge tube using a sterile pasteur pipet. The cells 
are washed first by adding 12 ml of dissociation medium 
and spinning at 190 X g in a tale-top centrifuge for 10 

30 minutes, washed again with 5 ml HBSS + , and resuspended in 
1 ml of 03 medium. An aliquot is counted after a 1:10 
dilution, and cells are plated at 1.3-2.5 X 10 5 /cm 2 . Only 
about 10% of the cells applied to the gradients are 
recovered. However, since the plating efficiency is 

35 about 25% compared to 5-10% in the standard dissociation 
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method, 2- to 4-fold less Percoll gradient-processed 
cells are plated. 

A typical field of mainly bipolar 0-2A progenitors 
5 is shown in- Figure 2 after 3 days in vitro. Cells were 
plated into 33% B104 CM/67% 03 medium. This method 
produces cultures that are significantly cleaned up and 
have less background in subsequent immunostaining 
procedures 

10 

Enrictenent of 0-2A Lineage Cells . The inventor has 
also developed a method to decrease the percentage of 
non-0-2A lineage cells in the cultures. Enriched 
secondary* dultures are derived from primary cultures of 

15 dissociated neonatal rat brain cells in serum-containing 
medium by separating the superficial, process-bearing 
cells from the underlying bed layer of primarily type 1 
astrocytes -and microglia (Bottenstein, 1986). Using the 
standard dissociation procedure above, 5 X 10 5 cells/cm 2 

20 are plated in 75-CM 2 tissue culture flasks in DME 

supplemented with 15% calf serum on polylysine-coated 
surfaces. At 7-13 days in vitro, the cultures are washed 
once with HBSS", incubated in the same solution for 4 
minutes, and vigorously shaken for 5 seconds at the end 

25 of every minute. The cell-laden supernatants are 

replated ai^2 X 10 4 cells/cm 2 in serum-containing medium 
or onto poly lysine and f ibronectin-modif ied surface in 03 
medium. A plating efficiency of 80-100% can be expected. 

30 Figure 3 shows cells prior to the isolation 

procedure (Figure 3 A). Excellent separation of the 
process-beating ceils (Figure 3B) from the bed layer 
(Figure 3C) : is evident in these serum-containing 
cultures. : *£f serum-free culture is used after the 

35 isolation, Secondary cultures after 1 day in 03 medium 
contain: 24-30% GFAP-positive cells (mostly type 1 
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astrocytes) , a 2-3 fold decrease in percentage compared 
to primary cultures after 4 days in vitro; 26% 
galactocerebroside-positive oligodendrocytes , 
a 2 -fold increase compared to primary cultures after 4 
5 days in vitro; and 54% A2B5-positive cells (immature 

oligodendrocytes and 0-2 A progenitors) , a 4 -fold increase 
compared to primary cultures after 4 days in vitro. The 
ratio of GFA-positive to A2B5-positive cells in decreased 
8 to 12 -fold, indicating substantially fewer 
10 Contaminating cells. The 0-2A progenitors in this 

enriched preparation are equally responsive to the growth 
factors in B104 conditioned medium as are the original 
cultures. Thus, the contaminating type l astrocytes 
probably play no role in the growth factor action. 

15 

B. Methods For Phenotvoic Analysis of Cultured Glial 
Cells and Their Progenitors 

Immunostainina . An indirect immunofluorescence 

20 method can be used to identify surface and intracellular 
antigens for the purpose of classifying glial and other 
cells. The following describes one protocol that has 
been successfully used by the present inventor. 
Hybridoma cells are grown in a 100 mm petri dish (5 X 10 6 

25 inoculum) for four days in serum-free medium (2.5 ng/ml 

bovine insulin, 25 nM sodium selenite, 35 jug/ml human 
transferrin, and 20 nK ethanolamine in 1:1 DME: Ham's F12 
medium) . Hybridoma supernatants (SNs) are concentrated 
either in an Amicon stirred-cell ultrafiltration 

30 apparatus (100 kd cutoff) or with an Amicon disposable 
macrosolute concentrator (15 kd cutoff) . Concentrated 
A2B5 hybridoma SN (25-fold) is used at a 1:6 dilution; 
galactocerebroside (GalC) hybridoma SN is used at 1:4 
dilution without prior concentration; concentrated Thyl.l 

35 hybridoma SN (10-fold) is used at a 1:2 dilution. 

Monoclonal anti-GFAP in ascites fluid is diluted 1:50- 
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100. Monoclonal anti-myelin basic protein in ascites 
fluid is diluted 1:100. Both goat anti-mouse and anti- 
rabbit IgG-rhodamine and -fluorescein conjugates were 
used at 1:80 dilution. Anti-f ibronectin, anti-MAC-1, and 
5 anti-rat IgG-fluorescein were diluted in PBS; other 
antibodies were diluted with 5% goat serum, 5% calf 
serum, 45% DME, 45% phosphate-buffered saline. 

Cultures stained for A2B5 were fixed with 3.7% p- 
10 formaldehyde in PBS, followed by three washes (1 ml for 
35 mm dishes, 09.5 ml for chambers) in HBSS. The 
antibody was applied for 30 min. , and cultures were 
washed as above. Goat anti-mouse IgG-rhodamine conjugate 
was then applied for 30 min. and then washed as above. 
15 Even though the A2B5 antibodies are IgM, the antisera 

also react with mouse light chains. Equivalent staining 
is obtained using anti-mouse IgM, M-chain-specif ic. The 
culture was then post-fixed with 3.7% p- formaldehyde in 
PBS for 20 min. and then washed as above. The post- 
20 fixation step prevented loss of antibody, if a double 
stain was: subsequently performed. Application of a 
saturating amount of the rhodamine-labeled antibody - 
insured that no cross-reaction would occur in a 
subsequent stain using anti-mouse IgG-f luorescein 
25 conjugate. If a second immunostain was against an 

intracellular ahtigen, e.g. GFAP, MBP or NF, the culture 
was treated for, 10 min. with 95% ethanol:5% acetic acid 
at -20 °C to permeabilize the membrane and then washed 
rapidly four times in cold HBSS. If the second stain was 
30 to reveal a different surface antigen, e.g. GalC, this 
permeabilization was not performed. The above staining 
procedure was then repeated with the second antibody 
followed by an appropriate f luorescein-conjugated anti- 
mouse IgG antibody. A2B5 antibody was always visualized 
35 with anti-mouse IgG-rhodamine conjugates and anti-GalC, 
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anti-GFAP, and anti-NF antibodies with anti-mouse IgG- 
fluorescein conjugates. 

c ^- S H ingl ! StainS Thy_1 ' fibronect ^ «* MAC-l were 
carried out on unfixed cultures because of the 

sensitivity of these peptide antigens to p-f ormaldehyde. 
Microglia were identified using anti-MAC-1 (from Ml/70 
clone ascites fluid l:ioo, and anti-rat IgG-f luorescein 
d:50) or with mouse serum (1:50) and goat anti-mouse 
IgG-rhodamine (i :5 0; these combinations appeared to 
identify the same population, which was also 
morphologically consistent with microglia., staining 
wxth Thyi.i antibody and anti-mouse IgG-rhodamine (1:80) 
was used to estimate non-glial types present in primary 
cultures (fibroblasts and neurons) . Rabbit anti- 
fibronectin and goat anti-rabbit IgG-rhodamine were used 

wL r Z d al / ibr ° neCtin/ ^ g ° at anti -«^t ISG-rhodamine 
rUT h J"" 1 fibr ° necti -P-itive cells, which were 
readily distinguishable from the background substratum- 
bound fibronectin. Both anti-68-Jcd NF and anti-200-kd NF 
were used to demonstrate neuronal cell types. 

Glial subtypes of the type i astrocyte and the 
oligodendrocyte/type 2 astrocyte lineages were determined 
from double stains for A2B5/Galc and A2B5/GFAP. cells 
were categorized as follows: A2B5-negative/Galc- 
positive, late oligodendrocyte; A2B5-positive/GalC- 
positive, early oligodendrocyte; A2B5-negative/GFAP- 
positive, type 1 astrocyte; A2B5-positive/GFAP-positive 
type 2 astrocyte. Progenitor cells were determined by ' 
taking the difference between the number of A2B5- 
positive/Galc-negative and A2B5-positive/GFAP-positive 
cells to get the number of A2B5-positive/Galc- 
negative/GFAP-negative cells. The 35-mm dishes were 
partitioned with a line of silicone vacuum grease (Dow- 
Corning) , and each half was double-immunostained for 
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either A2B5/Gaie or A2&5/GFAP. Chamber slides had most 
chambers stained for A2B5/GalC and some for A2B5/GFAP. 
Cells were scored as positively stained when 
characteristic staining patterns (membrane for GalC and 
5 A2B5, fibrillary for GFAP) were present at intensities 
greater than nonspecific staining. For anti-Gale 
staining, evaluation of weak staining was done by 
comparison to the more morphologically mature phenotypes 
present in the culture which exhibited strong anti-GalC- 
10 reactivity. * 

Cell numbers were expressed either by cells/mm 2 or 
as the fold-change Relative to control cell density. 
Most cultures were evaluated at 400X magnification, and 
15 for most experiments, at least 200 cells per culture were 
evaluated. ' Controls conducted with no primary antibody, 
mouse serum (on fixed cultures), or irrelevant antibodies 
showed no specific staining patterns. 

20 CoTnpt^ment lysjs. Concentrated A2B5 (25-fold) or 

GalC (5-fol£); hybridoma supernatant was added to cultures 
(4 DIV) grown in the present of 33% CM; final 
concentrations were 40 pg/ml for GalC. After 30 minutes 
at 37 °C, each culture was washed twice with HBSS, Then 

25 0.8 ml of rabbit complement in DME (1:10) was added and 
incubated' 45 min. at 37 °C, Cultures were then washed 
once with DME containing 10% calf serum, twice with HBSS, 
and finally fresh 03 medium with 33% CM was added. 
Cultures were fixed 24 h. or 4 days after the complement 

30 treatment. Numbers of A2B5-and GalC-positive cells were 
evaluated by indirect immunofluorescence as above. There 
were no significant differences between mean densities of 
either A2B5-positive or GalC-positive cells in CM-treated 
cultures with no complement versus those with complement 

35 by Student's t test at both times studied* Densities of 
A2B5- and GalC-positive cells were expressed as 



rvi/ uoyv/ ut^at 



-35- 

cells/mm 2 , but for further statistical analyses the fold- 
change in density relative to a paired control (no 
complement, CM-treatment, or antibody) was determined. 
This reduced inter-experimental variability. 

5 

Autoradio graphy combined with immunostainina. 
Cells grown in chamber slides were exposed to 3 H- 
thymidine (1 jtCi/ml, 30 Ci/mmol) for either 24 or 6 h. 
prior to fixation. After immunostaining, slides were 

10 coated with Kodak NTB2 photographic emulsion: distilled 
water (1:1) and exposed 6 days at 4°C with a desiccant 
prior to development in Kodak D19 and mounting. Cells 
showing ten grains or more over the nucleus were scored 
as thymidine-labeled, and the labeling indices (percent 

15 labeled cells) for populations of immunostained cells 
(GalC, A2B5, or GFAP) were determined. Evaluation was 
carried out at 400X magnification using a combination 
phase contrast-epif luorescence objective. 

2 0 Enzvme Assays . For enzyme assays used in 

characterization, cells are grown in 25-cm 2 flasks, 
washed two times with PBS at 4°C, harvested with a rubber 
policeman at 4°C in high-quality water or 0.01 M sodium 
phosphate buffer (pH 7.1) and stored at -70°C. 

25 

Assay for 2 '.3 '-cyclic nucleotide 3' 
phosphodiesterase . Activity is measured by a 
modification of the method of Prohaska et al., 1973). 
Samples harvested in water are thawed, sonicated on ice, 

30 and 18.5 y.1 are aliquoted into acid-washed Pyrex tubes. 

The enzyme is activated with 18.5 fil of 0.1% saponin in 
20 mM Tris-HCl buffer (pH 7.5) on ice for 10 min, 
followed by addition of 37 Ml of 15 mM 2 • , 3 » -cyclic AMP 
in o.l M Tris-maleate buffer (pH 6.2) for 20 min at 30°C 

35 in a shaking water bath and termination of the reaction 
by boiling. for 2 min. Then 37 /il of 0.3 M Tris-HCl 
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buffer (pH 9) with 21 mM MgCl 2 and 7.4 units of 
Escherichia ^cbli alkaline phosphatase/ml is added to 
samples in a shaking water bath for 20 min. at 37°C. 
Finally, 444 ftl of 1.5% ammonium molybdate in 0.5 M 
5 sulfuric acid is added to the reaction mixture in a fume 
hood, and the yellow phosphomolybdic acid complex is 
extracted with 444 ^1 of isobutanol/benzene (1:1) , 
followed by vortexing for 20 sec and centrifugation at 
2,200 rpm for 5 min. 2 1 -AMP standards are processed as 
10 above beginning with the phosphatase step. The upper- 
layer absorbapce is read £t 405 nm and compared to 
standards. Relative enzyme activity is expressed as 
nmoles of 2 f -AMP/min/cm 2 . 

15 Assay for alutamine synthetase. Activity is 

measured by a modification of the method of Kirk (1965). 
Samples harvested in phosphate buffer are thawed, 
sonicated on ice, -and 350 ^1 of freshly made 0.1 M 
acetate buffer (pH 5.4) containing 120 jxmol L-glutamine, 

20 5 /xmol NaH 2 P0 4 , and 0.05 /xmol ATP is added for 10 min at 

• -*, . 

37°C. The reaction is started by adding 150 \i\ of 0.1 M 
acetate buffer (pH 5.4) containing 30 /mol hydroxy lamine 
and 5 \mo\ MnCl 2 . After 20 min, 750 /xl of 5% 
trichloroacetic acid/ 1.6% FeCl 3 in 0.33 N HC1 is added to 
25 each tube. After vortexing, absorbance is read at 490 nm 
and compared to standards. Relative enzyme activity is 
expressed as nmoles of gamma-glutamohydroxamate/min/cm 2 . 

Protein assaiv . !?he Sedmark and Grossberg (1977) 
30 protein assa^ tf*s used with egg white lysozyme as the 

standard. -It was modified to a microassay using 96-well 
microplates arid triplicate samples. 

C. Further Biological Characterization of neural 
35 progenitor regulatory factor 
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Effect of Conditioned Media From Various Cell Lines 
on Neon atal Rat Brain Cells, The present inventors 
screened conditioned media from several cell lines of 
neuronal or glial phenotype on dissociated neonatal rat 
5 brain cells. Phase contrast micrographs of 9-day-old 
cultures maintained in the presence of 50% conditioned 
medium and 50% 03 medium are shown in Figure 4. 
Oligodendrocytes can be identified morphologically as the 
small (cell diameter 8-12 /xm) , phase-dark process-bearing 

10 cells. The relative numbers of morphologically 

identified oligodendrocytes in these cultures are the 
following: conditioned medium from B104 rat CNS 
neuroblastoma »CO-13-7 calf brain oligodendrocyte/ C6 rat 
CNS glioma hybrid > U251 MGsp human CNS glioma > C62B rat 

15 CNS glioma > RN22 rat PNS schwannoma » 2L1 human PNS 
neuroblastoma = N1E-115 mouse PNS neuroblastoma cells. 
Immunostaining for the oligodendrocyte marker 
galactocerebroside (GalC; Raff et al., 1978) confirmed 
this ranking. Thus, it is clear from these initial 

20 results that conditioned media from CNS-derived cells 
increases the number of oligodendrocytes to a greater 
extent than that from PNS-derived cells, and CNS neuron- 
derived conditioned medium has a much greater effect than 
any of the glia-derived or PNS neuron-derived conditioned 

25 media. Cell-free extracellular matrices prepared from 

these same cell lines had no oligodendrocyte-stimulating 
activity. As reported by Noble and Murray (1984) for 
neonatal rat optic nerve oligodendrocytes, type 1 
astrocyte conditioned media from cells after six passages 

30 in vitro increased the number of oligodendrocytes, but to 
a lesser extent than equivalent volumes of B104 
conditioned medium. 



35 



A dose-dependent relationship between the percentage 
of B10 4 conditioned medium and the number of 
morphologically identified oligodendrocytes after 7 days 



in vitro is ^hown in Figure 5, A maximum 30-fold 
increase is seen with 33% conditioned medium 
(about 8 /xg^protein/ml) . Higher percentages result in 
fewer oligodendrocytes , suggesting an active inhibitory 
effect or dilution of 01 components. Subsequent 
experiments in which 01 or 03 supplements were kept 
constant at 100% levels with various concentrations of 
conditioned medium indicate the latter does not account 
for the diminished response. Moreover, equivalent 
amounts of protein from concentrated and dialyzed 
conditioned medium (Amicon DC2 hollow fiber unit with 
5,000 M r cutoff) which do not significantly displace the 
volume of 03 medium have activity similar to the native 
conditioned medium. Using the same procedure used for 
showing an effect of adsorbed fibronectin by incubating 
dishes with 10 nq protein/ml (Bottenstein and Sato, 
1980) , the present inventors incubated polylysine-coated 
culture surf apes with 8 protein/ml B104 conditioned 
medium for 30 min., followed by extensive washing. This 
treatment has no effect 6n the number of oligodendrocytes 
maintained for 7 days in 03 medium, suggesting that in 
this protocol the activ6 factors are soluble and non- 
absorbable or are inactive when adsorbed. Other data 
also suggest it isrsoluble factors that are active: 
removal of conditioned medium after cells are attached 
results in tihe generation of fewer oligodendrocytes. 

• • ■ ■, 
». 

Figure 6 shows that B104 conditioned medium exerts 
an effect on cells expressing A2B5 (0-2A progenitor cell 
or early oligodendrocyte marker in neuron-free cultures; 
Bottenstein/ 1986a; Raff et al., 1983) and GalC 
(oligodendrocyte marker) antigens even in the presence of 
15% calf serum. There is a 

three-fold increase in A2B5-positive cells and a two- 
fold increase in GalC-positive cells after 8 days in 
vitro. Sister cultures containing 03 medium with 33% N4 
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medium (unconditioned B104 medium) have more A2B5- 
positive cells but similar numbers of GalC-positive cells 
compared to serum-supplemented cultures. Cells in 03 
medium and 33% B104 conditioned medium are nine times 
more GalC-positive and four-fold more A2B5-positive than 
controls. Rat embryonic brain extracts (rich in neurons) 
also increase A2B5 and GalC expression in a dose 
dependent manner at 36-108 ng/nl. 

The morphology and expression of GalC in neonatal 
rat brain cultures in 03 medium and 33% B104 conditioned 
medium is illustrated in Figure l. a representative 
field of robust, process-bearing cells is shown after 9 
days in vitro; a sister field shows GalC-positive 
process-bearing cells, several of which exhibit 
membranous expansions. Cultures can be maintained in 
this condition for months with no loss of 
galactocerebroside expression and no overgrowth with Type 
1 astrocytes. 

Heat and Trypsin Sen sitivity of B104 Conditioned 
Medium. Treatment of the conditioned medium at 100 °C for 
20 min. significantly decreases (Wilcoxon rank sum test: 
P < 0.05) its activity (Fig. 7). Figure 7 presents the 
effect of trypsin treatment of conditioned medium for 1 
and 3 nr. Decreasing densities of GalC- and A2B5- 
positive cells (treatment/control) occur with increasing 
trypsin exposure; density of cells expressing these 
antigens is decreased about 70% after 3-hr 
treatment. These results demonstrate that the activity 
in B104 conditioned medium is dependent on protein 
moieties . 

Effect of Other Medium Components. Compared to 01 
medium alone, in the presence of 33% unconditioned medium 
(N2) there are similar numbers of morphologically 
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ident if ied oligodendrocytes. If 33% B104 conditioned 
medium is present, there is a marked increase in the 
number of these cells after 13 days in vitro (Fig. 8), 
suggesting that components of N2 medium do not increase 
5 the ^density of these cells. Indeed, the addition of 

equivalent amounts of the N2 supplements progesterone or 
putrescine to 01 medium have no effect on these cells. 
The transfeinrin requirement could not be replaced by 1 
Mg/ml FeS0 4 as for B104 cells. The inventor also tested 

10 the effect of several factors shown by others to be 
growth-promotijig f ©^^oligodendrocytes and other cell 
types. Addition of 5 ng/ml fibroblast growth factor or 
01 medium results in fewer oligodendrocytes at 7 day in 
vitro and their disappearance by 22 days in vitro. One 

15 mi llimolar pyruvate in t 01 medium elicits more type 1 

astrocytes and no oligodendrocytes are present after 16 
days in vi€feo.i if io^ M triiodothyronine (T 3 ) is added 
to 01 medium or medium containing 15% calf serum, a five- 
fold reduction in oligodendrocytes occurs after 15 days 

20 in vitro. The influence of pyruvate or T 3 is shown in 

Figure 8 afteer 13 days in vitro. Moreover, little or no 
effect on the number of oligodendrocytes is observed if 
the following components are added to 01 medium: 12.5 
fig/ml fatty acid-free bovine serum albumin (FAF-BSA); 0.1 

25 Mg/ral lipoio acid, docosahexaenoic acid, linoleic acid, 
linolenic acid, or arachidonic acid with 12.5 ixg/nl FAF- 
BSA; 5 fJM ethanolamine; 10-100 /xg/ml choline chloride, 
100-1,000 /ug/ml myo-inositol, or various combinations of 
choline and nr^o-inositol ; or 0.1-100 ng/ml astrocyte 

30 growth factor 2 (Pettman et al., 1982) in the presence or 
absence of B104 conditioned medium. 

Time course of tjie effect of B104 conditioned 
medium. Figure 9 represents the expression of A2B5 and 
35 GalC in neohatal cultures on days 4, 8, and 12 in the 
absence and presence of B104 conditioned medium. In 



unconditioned medium there are more A2B5-positive than 
GalC-positive cells on day 4, but thereafter A2B5 
expression drops about two-fold between days 4 and 12 , 
whereas GalC expression is increased by an equivalent 
5 amount. This is consistent with a conversion of some 
A2B5 progenitor cells into the more differentiated 
oligodendrocyte phenotype or of a decrease in A2B5- 
positive cell survival and stimulation of GalC-positive 
cell division. In contrast, in the B104 conditioned 

10 medium-treated cultures the density of A2B5-positive 
cells increases about two-fold from day 4 to 8 and 
remains at that density between days 8 and 12, while the 
density of GalC-positive cells increases about four-fold 
between days 4 and 8 and continues to increase to about 

15 five-fold by day 12. If the data is expressed a 

different way as the number of immunostained cells/ total 
cells enumerated with phase contrast microscopy (33% B104 
conditioned medium/ 33% unconditioned medium) , a clear 
rise in the expression of both A2B5 and GalC is evident 

20 over the 12 -day treatment period (Fig. 10) . 

When glial fibrillary acidic protein (GFA) -positive 
cells were counted during this same time interval (Fig. 
10) , there was a significant drop in the percentage of 

25 these immunostained cells. Since only a small percentage 
of the cells in either treatment were both A2B5-positive 
and GFA-positive, characteristic of type 2 astrocytes, 
this suggests a decrease occurs in the percentage of type 
1 astrocytes that are A2B5-negative and GFAP-positive. 

30 Type 2 astrocytes are not observed at 4 days in vitro, 
and at 8 or 12 days in vitro in 03 medium with 33% BIO 4 
conditioned medium, double immunostaining for A2B5 and 
GFA shows the vast majority of A2B5-positive cells are 
GFA-negative. At 12 days in vitro, 4% of the multipolar, 

35 process-bearing A2B5-positive cells exhibit sufficient 
GFA-specific fluorescence to classify them as Type 2 
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astrocytes. > A further 10% of A2B5-positive cells show 
very faint and diffuse cytoplasmic, nonfibrillar GFA 
immunostaining, and the inventor does not classify these 
cells as type 2 astrocytes . 

5 

Combined autoradiography and double immunostaining. 
This technique #as used to assess the number of A2B5- 
positive and/or^ GalC^positive cells labelled with 
tritiated thymidine between days 10 and 12. Table II 

10 shows '20% of the cells do not express either antigen , 19% 
are A2B5-positive but GalC negative, 53% are both A2B5- 
and GalC-positive, and only 7% are A2B5-negative but 
GalC-positiye. These antigen profiles correlate with 
type 1 astrocyte/ other, progenitor cell/type 2 astrocyte, 

15 early oligodendrocyte, and more mature oligodendrocyte, 
respectively. Only 8% of the negative cells are 
labelled, whereas 50% of the putative progenitor cells 
are labelled, 58% of the early oligodendrocytes are 
labelled, and 70% of the more mature oligodendrocytes 

20 have labelled nuclei. However, the 48-hr pulse length 
provides sufficient time for progenitor cells and early 
oligodendrocytes to further differentiate into more 
mature phenotypes. If the pulse time is shortened to 24 
hr. the labelling index for the cells expressing A2B5 or 

25 GalC is shifted toward the less differentiated 

phenotypes , -suggesting mature oligodendrocytes are not 
targets forfethe growth-stimulating effect of B104 
conditioned medium. Additional experiments set forth 
below confirm this finding. 

30 

Glial enzvmatic activity. Figure 11 indicates the 
oligodendrocyte-specif ic 2 l ,3 f -cyclic nucleotide 3 1 - 
phosphodiesterase (CNPase) activity in 03 medium is 
unaffected by addition of unconditioned medium, but after 
35 21 da^s in yitro it increases 12-fold in response to B104 
conditioned medium. Even when the 03 supplements are 
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missing, B104 conditioned medium still increases CNPase 
activity about three-fold, and in the presence of 15% 
calf serum the enzyme activity is increased two-fold. 
These data suggest both 03 supplements and conditioned 
5 medium are important for optimal expression of CNPase 
activity in these cultures. Addition of 10~ 8 M zinc 
sulfate further increases CNPase activity two-fold, while 
10" 8 M T 3 and 10" 10 - 10~ 08 copper sulfate have no effect. 

10 The astrocyte-specific glutamine synthetase (GS; 

Norenberg and Martinez-Hernandez, 1979) activity also 
does not appear to be influenced by unconditioned medium. 
However, GS activity is elevated about 5-fold in the 
presence of 03 supplements and conditioned medium, is 

15 unaffected when treated with conditioned medium alone, 

and is increased about 13 -fold in the serum supplemented 
condition. These data indicate optimal GS activity 
occurs in the presence of 15% calf serum as expected, 
since more type 1 astrocytes are observed in this 

20 condition. On the other hand, type l astrocytes are more 
differentiated in the presence of the conditioned medium; 
they express more GFA at earlier times and they show 
extensive formation of long GFA-positive processes not 
seen in the control cultures. 

25 

Additional morphological an d antigenic 
characterization of cultures. At 4 days in vitro (DIV) , 
cultures treated with 33% B104 conditioned medium (CM) 
contain abundant numbers of small, A2B5 -positive, bipolar 

30 glial progenitor cells, which appear to be highly 

mitotic. Control cultures treated with 33% unconditioned 
(N4) medium show few bipolar A2B5-positive cells at this 
time. Figure 12 demonstrates the appearance of A2B5- 
positive cells in the presence of 33% CM. A shift in the 

35 morphology of the A2B5-positive population takes place by 
8 DIV, and the predominant phenotype is multipolar, 
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suggesting that these cells arise from the bipolar ones. 
As reported Jabbve, double immunostaining studies of CM- 
treated cultures indicate that most A2B5-positive cells 
are negative for Gale and GFAP, indicating that large 
5 numbers of glial progenitors are present. A small number 
of GalC-positive oligodendrocytes are present at 4 DIV in 
CM-treated cultures and are a mixture of bipolar and 
multipolar phenotypes . In contrast , oligodendrocytes in 
the control . cultures at 4 DIV are more morphologically 
10 differentiated with predominantly multipolar, highly 
branched processes. 

Quantitative analysis of cell types at 4, 8, and 12 
DIV (Table I) indicates that the 0-2A lineage cells 

15 (glial progenitqjrs and their progeny: oligodendrocytes 

and type 2 astrocytes) increase in number in response to 
CM, but type 1 astrocytes, microglia, and other cell 
types (Thyl ^-positive) do not. The greatest differences 
between control and CM-treated conditions are in the 

20 progenitor population — 12 to 15-fold increases. The 

increase in the progenitor population accounts for 85% of 
the increase in 0-2A lineage cells at 4 DIV and 44% at 8 
DIV, whereas oligodendrocytes account for 11% of the 
increase at 4 DIV and 49% of the increase at 8 DIV. 

25 Cells expressing both A2B5 and GFAP (type 2 astrocytes) 
are increased at 8 DIV due to CM-treatment, but the 
proportion they represent in total 0-2A lineage cells is 
not different (Table III) , indicating that 
differentiatjlpn of progenitors into type 2 astrocytes by 

30 the CM is not enhanced. In contrast, oligodendrocytes 
are a Smaller fraction of the total 0-2A lineage in CM- 
treated cultures, suggesting that differentiation into 
this phenotype is retarded. 

^Although the numbers of oligodendrocytes and type 2 

35 astrocytes do not differ significantly between control 
and CM-treated conditions at 4 DIV, they do at 8 DIV, 
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suggesting that differentiation of the progenitor 
population takes place principally at 4-8 DIV. Cultures 
treated with concentrated/dialyzed CM for 12 days show 
little difference in cellular phenotypes from those 
cultures treated with crude CM for 8 days. In 12 DIV 
cultures, 93% of the Galc-positive cells are double- 
immunostained for myelin basic protein, a marker for 
mature oligodendrocytes. Figure 13 shows double 
immunostains for A2B5/GalC and A2B5/GPAP in 33% CM- 
treated cultures at 12 DIV. Multipolar A2B5-positive 
cells which are not GalC-positive or GFAP-positive are 
present. Type 1 astrocytes in CM-treated cultures 
exhibit longer processes and brighter GFAP staining than 
control-treated cultures at equivalent times in vitro 
(data not shown) , although there are no differences in 
their numbers between treatments. 



When cellular debris and erythrocytes are removed 
from the cell suspension by centrifugation on a Percoll 
gradient before plating, resulting cultures also contain 
numerous A2B5-positive cells at 3 DIV (Figure 12A) . This 
indicates that factors derived from cellular debris 
probably play no role in the CM factor action. Moreover, 
if these gradient-processed cells are plated at higher 
density, most A2B5-positive cells are multipolar (Figure 
12 C) instead of bipolar at 3 DIV, suggesting that density 
affects process morphology. 



Changes in CM factor conc entration affect number of 
progenitors and oligodendrocytes . The effect of 
different CM concentrations on the density of A2B5- 
positive (virtually all progenitors and early 
oligodendrocytes) and GalC-positive (oligodendrocytes 
only) cells at 4 and 8 DIV was investigated. A strong 
dose-dependence for both populations is evident at 8 DIV 
(Figure 14)., and no preferential effect on either 
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population could be detected. In contrast, a marked 
preferential action of CM factors on the A2B5-positive 
population was seen at 4 DIV. At this time the increase 
in A2B5-positive cell density was similar to that at 8 
5 DIV, but the GalC-positive population did not respond 

(except at 2 /xg/ml) . The responsive cells at 4 DIV are 
virtually ail GalC-negative, GFAP-negative , bipolar glial 
progenitors, and their density is positively correlated 
with the quantity of CM present. The initial selective 
10 expansion of the A2B5-positive population suggests that 
later increases in oligodendrocytes are dependent upon 
this earlier event. 

Since low molecular weight substances could 

15 potentially. modify the response, the inventor tested 

concentrated/dialyzed CM (M r cutoff 5 Jcilodaltons [kd]). 
This preparation, at 4-16 fxq protein/ml (Table IV) , 
produced a response in the A2B5-positive population at 4 
DIV similar to that produced by 8-66% crude CM (3-18 /xg 

20 protein/ml) In addition, GalC-positive cell densities 
at 4 DIV correlate negatively with the does of 
concentrated/ dialy zed CM. No change in GalC-positive 
densities in spite of elevated numbers of A2B5-positive 
cells suggests a. delay in differentiation of progenitors 

25 due to CM treatment. These experiments confirm that both 
crude and concentrated CM have a dose-dependent effect on 
the A2B5-positive population, and that neither substances 
in the CM of less than 5 kd nor putrescine and 
progesterone (contained in N4 medium) are required for 

30 the response. 

pipofrentiaUtv of responsive cells. The 
bipotentiality of the responsive cells was determined by 
growing cultures until 4 DIV in 33% CM (12 fig/ml) and 
35 then changirig the medium to either the same condition 

(33% CM/ 6*7% 03 medium) , a serum-free condition without CM 
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(100% 03 medium), or a serum-containing condition without 
CM (10% fetal bovine serum/90% 03 medium) . At 7 DIV 
cultures were fixed and evaluated by double 
immunostaining (Table V) . After removal of CM, immature 
cells differentiate into oligodendrocytes in serum-free 
03 conditions (2 -fold increase in percentage of 0-2 A 
lineage) or type 2 astrocytes in serum-containing 
conditions (6-fold increase in percentage of 0-2A 
lineage) . Therefore, the immature, A2B5-positive cells 
at 4 DIV appear to be bipotential 0-2A progenitor cells. 



Complem ent lvsis. in order to further study the 
ancestry of the oligodendrocytes which appear in response 
to the conditioned medium, 33% CM-treated cultures were 

15 treated with A2B5 antibody and complement at 3-4 DIV, 

before the appearance of most oligodendrocytes in these 
cultures, but at a time when many A2B5-positive 
progenitor cells are present. Four days after treatment 
with A2B5 antibody and complement, the numbers of 

20 oligodendrocytes (GalC-positive) and A2B5-positive cells 
were decreased an average of 69% and 76%, respectively, 
as compared to complement treatment without antibody 
(Table VI) . This treatment destroys the oligodendrocyte- 
producing population, supporting the assertion that the 

25 CM factor requires at least a subset of the A2B5-positive 
population for production of oligodendrocytes. GalC 
antibody-mediated complement lysis showed only an 8% 
decrease in the numbers of GalC-positive cells four days 
later, suggesting that few GalC-positive cells arise from 

30 other GalC-positive cells. Thus, the increased numbers 
of GalC-positive cells at 8 DIV arise mainly from the 
A2B5-positive, GalC-negative cells present at 4 DIV, and 
not from A2B5-negative cells. 



35 Thymidin e incorporation by A2B5 -positive. GalC- 

positive, and GFAP-positive populations. Experiments 
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were performed to determine which cells respond to CM 
treatment by ; exposing cultures to a 3 H-thymidine pulse 
prior to fixation. Studies set forth above indicated 
that 48-h 3 H-thymidine pulses labeled both immature and 
5 mature phenotypes. An exposure of this length does not 
provide the- ^resolution necessary to discriminate 
proliferating cells from labeled progeny. The pulse 
length was shortened to 24 h. Examples of labeling of 
the A2B5-positive cells are shown in Figure 12E and 12G. 

10 The percent- of A2B5-, CalC-, and GFAP-positive phenotypes 
incorporating 3 h-thymidine in a 24-h pulse at 4, 8, and 
12 DIV is depicted in Figure 15. Significant increases 
are seen inMabeling indices of the A2B5-positive 
population fif CM treatments versus control unconditioned 

15 medium (N4) ^-treatments at 4, 8 and 12 DIV, but not in the 
GalOpositive populations (except at 4 DIV) . In the 
presence of 33% CM, 45% of the A2B5-positive population 
are labeled at 4 DIV and 15% at 12 DIV. At 4 DIV, 13 % 
of the GalC-positive population labeled in CM, but only 

20 2% in the control; at 8 and 12 DIV, no difference was 
detected between CM and control conditions in GALC- 
positive labeling indices. At 4 DIV, the strongly GalC- 
positive, multipolar, branched process-bearing 
oligodendrocytes usually seen in control cultures were 

25 rare in CM-treated conditions, and 3 H-thymidine- labeled 
GalC-positive cells were invariably weakly GalC-positive 
and of an immature, bipolar form. 

In control conditions, little 3 H-thymidine 
30 incorpbratibn is detected in the A2B5- or GalC-positive 

populations, but since GFAP-positive cells (virtually all 
type 1 astrocytes) proliferate, this treatment is clearly 
not detrimental to cell division in general. Even though 
the A2B5-positive cells respond through 12 DIV in CM- 
35 treateid cultures, *^the percentage of labeled GFAP-positive 
cells decreauSes markedly after 4 DIV in both control and 
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CM-treated cultures. This suggests that CM factors have 
no stimulatory effects on type l astrocyte proliferation. 
Instead, it appears that the CM factors are promoting 
proliferation specifically in the A2B5-positive 
population, while the GalC-positive population may have a 
responsive subpopulation at 4 DIV. These results are 
compatible with the data on cell density, indicating a 
preferential effect on the progenitor cells. 

Percentag e of thvmidine-labeled cells depends on 
dose of CM factors. Having established that immature 
populations exhibit response in CM-treated conditions, 
the inventor investigated whether CM factors increase 3 H- 
thymidine labeling in a dose-dependent manner. Since 
labeling indices are highest at 4 DIV, and cultures are 
not yet at maximal density, this time point was selected 
for analysis. Initially, different amounts of crude CM 
are compared with unconditioned medium (N4) controls 
(Table VII) , and subsequently concentrated/dialyzed CM is 
used (Table VIII) . Similar results are obtained with 
either preparation. The A2B5-positive population shows 
labeling indices of 43% in the presence of 10 /xg crude CM 
protein/ml and 52% with 12 jug concentrated/dialyzed CM 
protein/ml. This series of experiments employs short, 6- 
h terminal 3 H-thymidine pulses in order to further 
distinguish labeled GalC-positive cells from labeled 
progenitors that subsequently differentiate. An example 
of 6-h labeling of A2B5-positive cells can be found in 
Figure 12B. Further classification of the 0-2A lineage 
cells by double immunostaining indicates that the 
progenitor population (A2B5-positive, GalC-negative, 
GFAP-negative) is the most responsive. 

Although modest increases in the GalC-positive 
labeling indices is observed, these are about 5-fold less 
than the A2B5-positive labeling indices. This 
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relationship persists even if the early oligodendrocytes 
are compared to the progenitor cells. Moreover, 97% of 
the labeled £alC-positive cells are also A2B5-positive, 
indicating the virtual absence of proliferating, mature, 
5 A2B5-negative, Gaiq-positive oligodendrocytes in the 
preparation.; Although relatively few A2B5 -positive, 
GFAP-positive cells are present, labeling indices are 
similar to those for early oligodendrocytes, varying from 
10% in the absence of CM to 27% at 16 fig CM protein/ml. 

10 The labeled cells are immature and bipolar in form, and 
do not rese^&le the typical multipolar, stellate type 2 
astrocytes. Glial progenitors are by far the most 
responsive in terms of 3 H-thymidine incorporation. This 
indicates that the low A2B5-positive labeling indices 

15 observed in the control conditions are not due merely to 
the presence of large numbers of less proliferative, 
early oligodendrocytes. 

Response pf gliji isolated from cultures grown j.n 

20 serum-containina media . Since cultures prepared with 
serum-containing medium provide the possibility for 
segregating the majority of type 1 astrocytes (bed layer) 
from the superficial oligodendrocytes, glial progenitors, 
and type 2 astrocytes, response of glial progenitors can 

25 be evaluated with substantially reduced numbers of type 1 
astrocytes gresent. At 12 DIV, serum- free, primary 
neonatal glial cultures typically have 68-74% (control- 
treated) anql 45-55% (33% CM-treated) GFAP-positive cells. 
Mechanical segregation of cultures maintained in serum- 

30 containing medium for 10 days produced secondary cultures 
which contained only 24% GFAP-positive cells, but 61% 
A2B5-positive cells after 4 days in 33% CM (14 DIV), a 
twelve-fold decrease in the ratio of GFAP-positive, A2B5- 
posijbive cells. Since type 1 astrocytes have been 

35 reported to produce mitogens for progenitor cells (Noble 
and Murray, 1984 ) , interference of these substances or a 
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mediation of the CM action by them should be considered. 
If reductions in the percentage of astrocytes diminish 
the effects of CM on glial progenitors, then type 1 
astrocytes could be implicated as either contributing 
5 mitogens directly or mediating the CM action through 
paracrine factors. Conversely, an undiminished 
proliferative response in a population rich in 
progenitors and poor in type l astrocytes would discount 
an astrocytic role in this response; however, it is 

10 unknown how many astrocytes might be required to exert 
such an effect. Nevertheless, the inventor has pursued 
the matter for two reasons: l) mechanically enriched 
cultures of oligodendrocytes and progenitors do have many 
fewer type 1 astrocytes per progenitor cell than primary 

15 cultures in 33% CM and 2) the responses of these 10 DIV 
cells to the CM factors might provide evidence as to 
whether responsiveness is extended beyond the first few 
days in culture. 

20 The oligodendrocyte and progenitor fraction derived 

from 10 DIV serum-containing cultures have been replated 
into varying concentrations of CM, and labeling indices 
after a 6-h 3 H-thymidine pulse have been determined. A 
clear response to dose results (Table IX) ; A2B5-positive 

25 secondary cells (14 DIV) respond to CM after a 4-day 
treatment with equal vigor as 4 DIV unfractionated 
primary cells. Concentrated/dialyzed CM (M r cutoff 5 kd) 
at 12 /tg/ml gives a similar labeling index of 59 ± 5% in 
the A2B5-positive population. Therefore, chronologically 

30 older progenitors are not necessarily less responsive, as 
suggested by the A2B5-positive labeling indices at 12 DIV 
in Figure 15. Decreasing labeling indices with time in 
primary cultures may instead be due to density-dependent 
inhibition, since the cultures become quite dense. 

35 Alternatively, decreased labeling at later times could be 
due to differentiation of responsive cells into non- 
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proliferative A2B5-positive cells. Secondary cultures , 
in contrast to primary cultures, are plated at lower 
densities arid would not exhibit density-dependent 
inhibition. 

5 

Not only is the percentage of type 1 astrocytes 
decreased &n secondary cultures, but there is also a 
twelve-fold decrease in the ratio of GFAP-positive :A2B5- 
positive cells. Since CM action is undiminished, 
10 astrocytes probably do not mediate the response of 

progenitors. However, the cultures are not completely 
type 1 astropyte-free. 

When the progenitor-poor, type 1 astrocyte-rich bed 

15 layer of ser^-containing cultures was trypsinized after 
removal of the superficial cells and replated at low 
density (5-25 X 10 3 cells/cm 2 ) in N4 medium, the few 
progenitors remaining did not appear to proliferate. 
However, when these low-density secondary astrocyte 

20 cultures were grown in medium containing 33% CM, the 

small numbers of residual progenitors present expanded 
greatly. Figure 16 shows a CM-treated secondary type 1 
astrocyte-enriched culture 5 days after replating (15 
DIV) , with ^abundant progenitors and long GFAP-positive 

25 astrocytic processes but very few GFAP-positive, A2B5- 
positive cells (type 2 astrocytes) . These progenitors 
were GalC- and GFAP-negative, and could be induced to 
become GFAP-positive type 2 astrocytes if placed into 
serum-containing media after removal of CM (data not 

30 shown) . 

Effect s| B104 conditioned medium on embryonic 
neurons in vitro. The inventor has also analyzed the 
effect of tl^ neural progenitor regulatory factor on 
35 neurona. For those experiments, whole brains of 

embryonic rects were mechanically dissociated and plated 



at 31,200 cells/2 cm 2 in 300 nl of N2 medium (1:1 
mixture of Ham's F12 and Dulbecco's modified Eagle's 
medium with 5 iiq/ml bovine insulin, 100 /xg/ml human 
transferrin, 30 nM selenite, 20 nM progesterone, and 100 
5 /xM putrescine) with the additions set forth in Table X. 

B104 conditioned medium was concentrated and dialyzed (Mr 
cutoff 10,000) against PBS. Three days after plating, 
cells were fixed with 3.7% paraformaldehyde and after 
permeabilization were stained for neuron-specific enolase 

10 (1:200 dilution) using standard indirect 

immunofluorescence methods. The results of those 
experiments, Table X, indicated that culture with the 
B104 conditioned medium caused an increase in the number 
of neurons that could be identified by neuron specific 

15 enolase . 

Improved assay for the neural progenitor regulatory 
factor. Although the activity of B104 conditioned 
medium (CM) factors can be tested by immunostaining 

20 neonatal rat brain cells for A2B5 antigen present on 

glial progenitor cells, the inventor has developed a more 
rapid, convenient, and also serum-free microassay for the 
activity using the C62B glial cell line and a 
colorimetric method (Mosmann, 1983; Hansen et al., 1989). 

25 Cultured cells are incubated in the presence of a 

substrate to yield a colored reaction product which is 
measured with a microplate reader (spectrophotometer) . 
The blank consists of wells with no cells but all other 
reagents present. The entire process occurs in a 

30 microwell with no transfer of materials. The microplates 
are first coated with poly-D- lysine as above and a 2X 
concentrated culture medium and sufficient affinity- 
purified human fibronectin to give 1 fig/aa 2 is added at 
50 /xl/well. This concentrated serum-free medium 

35 comprises the following: Dulbecco's modified Eagle's 
medium (DME) with 60 nM selenite, 20 ng/ml biotin, 100 
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/xg/Ml human transferrin, and 20 nM hydrocortisone* 
Fractions of B104 CM are added at 25 /il/well or controls 
of the appropriate buffer or solvent. Finally, C62B 
cells are removed by trypsinization from flasks prior to 
5 confluence at a passage number 40 or below, an equimolar 
amount of soybean trypsin inhibitor is added, cells are 
centrifuged to obtain a cell pellet, which is resuspended 
in DME, and 3600-7200 cells/well are plated in 25 /il. 
The final volume is 100 pi. After 3-4 days incubation at 

10 37 °C in humidified chamber, the bioassay is started by 
adding 25 Ml/well .of the substrate MTT [3-(4,5- 
dimethylthia2ol-2yl)-2,5-diphenyl tetrazolium bromide; 
Sigma #M2 128] in PBS. Cells and substrate are incubated 
at 37°C for 2-4 hours, followed by addition of 100 

15 /il/well of the extraction buffer to solubilize the 

crystalline formazan product formed, incubation at 37 °C 
for an additional 20 hours, and finally absorbances at 
570 nm (with 630 f run reference wavelength to correct for 
interwell optical variations) are obtained with a 

20 microplate reader for 4-5 samples/ treatment. The 

extraction buffer consists of 20% (w/v) sodium dodecyl 
sulfate in 50% N,N-dimethyl formamide and 50% deionized 
water, pH 4 f 7. The absorbance values are correlated 
linearly with the number of cells/well, forming the basis 

25 of a cell proliferation assay suitable for detecting 
neural progenitor regulatory factor activity. 

PURIFICATION OF NEURAL PROGENITOR R EGULATORY FACTOR FROM 
30 CONDITIONED 'MEDIUM OF B104 NEUROBLASTOMA CELLS . 

Although the experiments set forth above describe 
the characteristic activity of the neural progenitor 
regulatory factor/ they did not enable its preparation in 
pure form. Even though the B104 cells were grown in a 
35 serum free ^edium developed by the inventor, the 

supernatant; from the cell cultures was contaminated with 
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a number of proteins and other substances produced by the 
cells themselves. The exact nature of those contaminants 
was not known but a substantially purified preparation of 
the factor was desired for use. 

The present inventor has now developed methodology 
enabling preparation of the factor in substantially 
purified form for the first time. Using these methods, 
the inventor has been able to prepare preparations of the 
factor that are substantially purer than the crude 
preparations of culture supernatant described above. 
These methods are set forth below. 

As a preferred first step, the B104 cells are 
cultured on microcarrier beads and the conditioned medium 
harvested, concentrated, and dialyzed, essentially as set 
forth above. The concentrated dialyzed medium may then 
be purified by any of several individual purification 
schemes or, more preferably by a combination of such 
procedures . 

In one procedure, concentrated/dialyzed B104 
conditioned medium containing about 11 mg of total 
protein was shaken overnight (20 hr) with 5.5 g heparin- 
25 Sepharose CL-6B in 5 mM phosphate buffer with 50 mM NaCl 
(PBS) pH 7.4 prepared as set forth above in Example I. 
The neural progenitor cell regulatory factor bound to the 
heparin-sepharose under these conditions. The mixture 
was then loaded into a 1.5 X 9 cm chromatography column 
30 and a 0.05 - 2M linear NaCl gradient in PBS was applied 
to the column at a flow rate of 7 ml/hour. Two ml 
fractions were collected from the column and assayed for 
neural progenitor cell regulatory activity by two types 
of assay (1) immunostaining with the A2B5 antibody and 
35 (2) the improved assay employing MTT. As shown in Table 
XI and Figure 17, about 0.7-0. 8M salt caused the factor 
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to elute from the column in substantially purified form. 
Recovery was about 71%. 

Further, when factor-containing fractions from the 
5 column were analyzed by sodium dodecyl sulf ate- 

polyacrylamide gel electrophoresis (SDS-PAGE) as shown in 
Figure 18, a predominant band was observed at a position 
consistent jtfith a molecular weight of 47 kilodaltons. 
The gel was staihed with silver stain by known 
10 procedures. 

In yet another procedure, conditioned dialyzed B104 
conditioned medium containing about 1.9 mg of protein was 
loaded onto a 2.5 X 50 cm chromatography column 

15 containing Sephacryl S-200. The gel was run at a flow 

rate of about 15 ml per hour of PBS; and 0.5 ml fractions 
were collected and assayed with the 2 assays described 
above. Results are shown in Table XI and Figure 17. The 
factor eluted from the column at a position consistent 

20 with a molecular weight of about 45 kilodaltons. 

Analysis of active fractions from this column by SDS- 
polyacrylamide gel electrophoresis showed a predominant 
band migrating at a position consistent with a molecular 
weight of about 47 kilodaltons (Figure 18). 

25 

In yet pther experiments, concentrated/dialyzed B104 
conditioned medium was electrophoresed through an SDS 
pplyacrylamide gel using conditions set forth in Fig. 19. 
The 45-50 kd* fraction was eluted from the gel overnight 

30 with shakings at 4 degrees in 150 microliters of PBS. 

This f ractioji was then tested for activity in the C62B- 
MTT assay. v 3Jsing this assay, an 11% (p=0.03) increase in 
activity over control was observed. This less than 
optimal increase may be due to incomplete elution of the 

35 factor from the gel coupled with the presence of residual 
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SDS and should be improved by a combination of 
electroelution and dialysis as described below. 

As indicated, the procedures above may be combined 
5 to provide a potentially even more effective purification 
procedure. Thus in an additional embodiment, the active 
fractions eluted from the Heparin-Sepharose 
chromatography procedure are subsequently separated by 
gel exclusion chromatography, for example, over 
10 Sephacryl-200 as described to effect an even greater fold 

purification. Alternatively, the gel exclusion 
chromatography may be followed application of the active 
fractions to the heparin-Sepharose gel and selective 
elution therefrom, 

15 

As a third step in the purification of the neural 
progenitor regulatory factor, preparative SDS-PAGE 
coupled with electroelution can be used. The following 
prophetic example describes that procedure. Slab gels 

20 of the following dimensions can be used: 6 mm thick, 12 
cm wide, 18 cm high. For this procedure samples are 
applied to a single slot and electrophoresed as in the 
minigel described in Figure 20. Up to 10 mg of protein 
can be processed this way and 0.25-1.5 cm gel slices can 

25 be prepared after electrophoresis, followed by, . 

electroelution using a custom-made or commercial 
instrument (e.g. Fisher Biotech Gel Eluter) based on that 
first described by Posner (1976). In a few hours, 75- 
87% of the protein in a gel slice can be recovered vs. 

30 the approximately 10% recover obtained using passive 

diffusion (Figure 20) . If removal of SDS, which affects 
the bioassay and protein determinations, is not 
sufficient by dialysis against PBS, it can be achieved in 
two ways: (l) by electrophoretic dialysis as described 

35 by Tuszynski and Warren (1975) or (2) by anion exchange 
chromatography as described by Weber and Kuter (1971) . 



The latter uses Dowex AG 1-X2 (200-400 mesh) from Biorad 
Laboratories. Prior to elution a narrow strip of the gel 
is silver stained using standard methods to locate 
protein standards and sample bands. 

Alternatively, with the aid of the information 
provided by the present disclosure, a purification scheme 
utilizing reversed phase high pressure liquid 
chromatography (HPLC) could be employed. With that 
procedure, either a crude preparation of the factor, or 
preferably, a purified preparation derived from either a 
heparin affinity column, a gel exclusion column, or a 
combination of the two is applied to a suitable HPLC 
column, preferably a C3 column, equilibrated with a 
suitable hydrophilic solvent, for example, containing 
trifluoroacetic acid, and eluted with a gradient of 
increasing hydrophobicity, preferably, an acetonitrile 
gradient. 

EXAMPLE HI 

COMPARISON OF THE FACTOR TO OTHER FACTORS REPORTED 
TO STIMULATE GROWTH OF CELLS OF THE CENTRAL NERVOUS 
SYSTEM 

The present inventor has also performed a number of 
additional experiments and analyses to further 
characterize! the active factor and to differentiate it 
from other factors reported to stimulate proliferation of 
cells of the nervous system. These results, set forth in 
Table XII below indicate that the factor is partially 
destroyed by treatment with periodate, and by treatment 
with dithiothreitol followed by iodoacetamide but is 
resistant to treatment with urea. Activity of the factor 
is also not inhibited by treatment with antiserum 
specific for platelet derived growth factor, or acidic or 
basic fibroblast growth factors, indicating that it is 
distinct fr^n . those proteins. 
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As shown in Table XIII, the factor may also be 
differentiated from Epidermal Growth Factor, Fibroblast 
Growth Factor, Glial Growth Factor, Glial Growth 
Promoting Factor, Glia Maturation Factor, Glia Promoting 
5 Factor 1, Glia Promoting Factor 3, Interleukin 1, 
Inter leukin 2, Platelet Derived Growth Factor and 
Placental Derived Growth Factor based on molecular 
weight, target cells, and other characteristics. 

***** 

10 The foregoing description of the invention has been 

directed to particular preferred embodiments in 
accordance with the reguirements of the patent statutes 
and for purposes of explanation and illustration. It 
will be apparent, however, to those skilled in the art 

15 that many modifications and changes may be made without 
departing from the scope and the spirit of the invention. 
It is the Applicants intention in the following claims to 
cover all such eguivalent modifications and variations 
which fall within the true spirit, and scope of the 

20 invention. 
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1. A composition of matter comprising a substantially 
purified preparation of a neural progenitor regulatory 
factor , wherein said factor has the following 
characteristics : 

a molecular weight of greater than about 30,000 as 
determined by sodium dodecyl sulphate 
poly aery lamide gel electrophoresis; and 

an ability to stimulate proliferation of 0-2A glial 
progenitor cells. 

2. A composition of matter comprising a substantially 
purified preparation of a neural progenitor regulatory 
factor, wherein said factor: 

is capable of stimulating proliferation of 0-2A 
glial progenitor cells; and 

is immunologically distinct from platelet derived 
growth factor. 

3. A composition of matter comprising a substantially 
purified preparation of a neural progenitor cell 
regulatory factor, wherein said factor has the following 
characteristics : 

affinity for heparin 

such that said factor binds to a heparin 
sepharose gel particle when said factor 
and a preparation of heparin sepharose gel 



10 



15 



particles are mixed together with a buffer 
comprising about 5 mM phosphate, 50 mM 
NaCl, and having a pH of about 7.4 for a 
period of about 18 hours; and 

ii) elutes from said heparin sepharose 

particles when the concentration of NaCl 
in said buffer is raised above about 
0.7M -0.8M; 

a molecular weight of greater than about 30,000 
kilodaltons as determined by sodium dodecyl 
sulphate polyacrylamide gel electrophoresis; 
and 

an ability to stimulate proliferation of cells of 
the C62B glial cell line. 



20 4, A composition of matter comprising a substantially 
purified preparation of a neural progenitor cell 
regulatory factor, wherein said factor has the following 
characteristics : 

25 affinity for heparin 

iii) such that said factor binds to a heparin 
sepharose gel particle when said factor 
and a preparation of heparin sepharose gel 
30 particles are mixed together with a buffer 

comprising 5mM phosphate, 50mM NaCl, and 
having a pH of about 7.4 for a period of 
about eight hours; and 

35 iv) elutes from said heparin sepharose 

particles when the concentration of NaCl 
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i in said buffer is raised above about 
, 0.7M -0.8M; 

a molecular weight of greater than about 30 
5 kilodaltbns as determined by sodium dodecyl 

sulphate polyacrylamide gel electrophoresis; 
and 

an ability to stimulate proliferation of 0-2A glial 
10 progenitor cells derived from the brain of a 

neonatal rat. 



5. The composition any one of claims 1*5 wherein said 
15 molecular weight is between about 40 and about 50 
kilodaltons. 



6. The composition of claim 6 wherein said molecular 
20 weight is about 46-47 kilodaltons. 



7 . A composition of matter comprising a purified 
preparation of a neural progenitor regulatory factor 
25 wherein said factor is substantially identical to the 
neural progenitor regulatory factor produced by a cell 
line ATCC (American Type Culture Collection) accession 
number CLR 10187. 



30 



8. A method for producing a purified preparation of 
neural progenitor regulatory factor comprising the steps 

of: ■ 



35 



obtaining a first preparation containing the neural 
i progenitor regulatory factor together with 



1/ UAUUJ 



-87- 

other protein, said preparation produced by 
culturing B104 neuroblastoma cells in a 
suitable culture medium; 

mixing said first preparation together with a solid 
matrix having heparin coupled thereto in a 
solution of such molarity of a selected salt 
that a substantial portion of said factor binds 
to said heparin; 

washing the heparin-matrix and factor bound thereto 
with a solution of increasing molarity of said 
salt so as to selectively elute said factor 
from said matrix and thereby produce a second 
preparation, said second preparation containing 
said factor in a form substantially more free 
from said other protein than said first 
preparation. 

9. A method for producing a purified preparation of a 
neural progenitor regulatory factor comprising the steps 
of: 

obtaining a first liquid containing the neural 
progenitor regulatory factor together with 
other protein, said preparation produced by 
culturing B104 neuroblastoma cells in a 
suitable culture medium; 

fractionating said liquid by gel exclusion 
chromatography ; 

assaying said fractions for an ability to stimulate 
proliferation of 0-2A glial progenitor cells; 
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selecting fractions having the ability to stimulate 
proliferation of said cells; and 

5 optionally, pooling fractions having said ability, 

10. The method of claim 8 or claim 9 wherein step a 
further comprises culturing the B104 neuroblastoma cell 

10 line on microcarrier beads. 

11. The method of claim 8 or 9 wherein said culture 
medium comprises transferrin, selenite, insulin, 

15 putrescine, and progesterone but does not comprise 
serum. 

12. The method of claim 9 wherein step (c) comprises 
20 culturing cells of the C62B cell line together with one 

or more of said fractions and determining the ability 
said fractipn or fractions to stimulate proliferation of 
said cell line. 

25 

13. The method of claim 9 wherein the ability of said 
fraction or fractions to stimulate proliferation of said 
cell line i§ determined by performing an MTT colorimetric 
assay. 

30 

14. A method for producing a purified preparation of 
neural progenitor regulatory factor comprising the steps 
of: 



-89- 

obtaining a first preparation containing the neural 
progenitor regulatory factor together with 
other protein, said preparation produced by 
culturing B104 neuroblastoma cells in a 
suitable culture medium; 

mixing said first preparation together with a solid 
matrix having heparin coupled thereto in a 
solution of such molarity of a selected salt 
that a substantial portion of said factor binds 
to said heparin; 

washing the heparin-matrix and factor bound thereto 
with a solution of increasing molarity of said 
salt so as to selectively elute said factor 
from said matrix and thereby produce a second 
preparation, said second preparation containing 
said factor in a form substantially more free 
from said other protein than said first 
preparation; 

fractionating said second preparation by gel 
exclus ion chromatography ; 

assaying said fractions for an ability to stimulate 
proliferation of bipotential 0-2A glial 
progenitor cells; 

selecting fractions having said proliferation 
. stimulating ability; and 

optionally, pooling said selected fractions. 

15. The method of claim 15 comprising the additional 
step of electrophoresing said selected fractions through 
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an SDS polyacryl amide gel matrix in such manner that said 
factor is localized in a band in said gel; eluting said 
band from said gel; and removing a substantial portion of 
said SDS from said eluate. 

5 

16. A substantially purified neural progenitor cell 
regulatory factor produced by the method of any one of 
claims 8 , 9, 12 , 13 or 14 . 

10 j* ,< 

17. A method for stimulating proliferation of glial 
progenitor cells comprising the steps of: 

*5 obtaining a preparation of glial progenitor cells 

suitable for culture; and 

culturing said cells together with an effective 

amount of a substantially purified preparation 
20 J of neural progenitor regulatory factor. 

18. An assay for neural progenitor regulatory factor 
comprising the steps of: 

25 

obtaining a f irst preparation and a second 

preparation of C62B cells, said cells suitable 
for cell culture; 

30 culturing said first preparation in a suitable 

culture medium together with an effective 
amount of a preparation to be tested for a 
neural progenitor regulatory factor; 



culturing said second preparation in said culture 
medium but without said neural progenitor 
regulatory factor: 

comparing growth of cells in said first and second 
preparation; 

detecting a neural progenitor regulatory factor in 
said first preparation if the growth of cells 
in said first preparation is significantly 
increased over said growth in said second 
preparation . 



19. The method of claim 8, 9 or 14, wherein said salt is 
selected from the group consisting of NaCl, and KC1. 
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